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A Simple Method for the Concentration of Rh Agglutinins 
Ernest Vitebsk - !, James F Mohn Doris J Houles, and Helen M Vard 

j F rom the Depart merits of Bacteriology and Immunology ALedical School, University oj Buffalo 

and the Buffalo General Hospital 


There are two sources of human anti-Rh 
serum Following multiple transfusions of 
Rh-positive blood certain Rh-negative indi- 
viduals develop Rh antibodies 1 The more 
common source of human Rh antibodies, how- 
ever, is found in women who have given birth 
to ery throblastotic children 2 Rh agglutinins 
if present are frequently of low titer The 
procedure for fractionated precipitation of 
sera containing antibodies has been developed 
especially in Dr Cohn s laboratory at Harvard 
and is successfully applied m the case of anti- 
Rh serum (Diamond) However, this method 
requires special equipment and training and is 
not available to everybody It seemed to be 
desirable to find means and ways to concen- 
trate Rh agglutinins by a simple method 
•\nti-Rh sera were subjected to dialysis in 


I ^iuicr V ^ *in»l IVtor*. H R Ann Int 
Ifrrf , 10-jn 1 * 

-Leunt IMnhp Ini J Ob v Qi/n 104") 

45> Slf> 


the folloivmg manner The native serum is 
placed m a cellophane tubing bag under ten- 
sion, air having been eliminated as much as 
possible The bag is then suspended m a 
battery jar containing a large volume of 
freshly distilled water The serum is dialyzed 
24 to 30 hours in the icebox at 4°C, the dis- 
tilled water being changed several times during 
the procedure During dialysis at this tem- 
perature a precipitate forms The serum with 
its precipitate is remov ed from the cellophane 
bag and the precipitate is separated from the 
supernatant fluid by centrifugation In the 
experiments to be described, the sediment 
(precipitate) is dissolved m saline solution 
and referred to as the globulin fraction The 
globulin fraction obtained from 10 cc of each 
serum is dissolved in 1 cc of saline solution 
(0 9^ c XaCl) by vigorous stirring then 
kept for 2-3 hours in the icebox Inso'- 
uble particles are removed 'by centrifu- 
gation The dissolved globulin is pre- 
served in the frozen state at -20 C C or 
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A Simple Method for the Concentration of Rh Agglutinins 

Ernest Witebskt, James F Mohn, Doris J Howt.es, and Helen M Ward 
F rom the Departments of Bacteriology and Immunology Medical School, University of Buffalo 

and the Buffalo General Hospital 


There are two sources of human anti-Rh 
serum Following multiple transfusions of 
Rh-positi\e blood certain Rh-negative mdi- 
v iduals de\ elop Rh antibodies 1 2 The more 
common source of human Rh antibodies, how- 
ever, is found in women who have given birth 
to ery throblastotic children - Rh agglutinins 
if present are frequently of low titer The 
procedure for fractionated precipitation of 
sera containing antibodies has been developed 
especially in Dr Cohn s laboratory at Harvard 
and is successfully applied in the case of anti- 
Rh serum (Diamond) However, this method 
requires special equipment and training and is 
not a\ailable to everybody It seemed to be 
desirable to find means and ways to concen- 
trate Rh agglutinins by a simple method 
Anti-Rh sera were subjected to diahsis in 


1 W mu r V *•. mil Rcter- II B Ann Int 
Uni 1940, n imr. 

2 Levim I’liiliR In T Ohs and Gun loiy 
4!) S10 


the following manner The native serum is 
placed m a cellophane tubing bag under ten- 
sion air having been eliminated as much as 
possible The bag is then suspended m a 
battery' jar containing a large volume of 
freshly distilled water The serum is dialyzed 
24 to 30 hours m the icebox at 4°C, the dis- 
tilled water being changed several times dunng 
the procedure During dialysis at this tem- 
perature a precipitate forms The serum with 
its precipitate is removed from the cellophane 
bag and the precipitate is separated from the 
supernatant fluid by centrifugation In the 
experiments to be described, the sediment 
(precipitate) is dissolved in saline solution 
and referred to as the globulin fraction The 
globulin fraction obtained from 10 cc of each 
serum is dissolved in 1 cc of saline solution 
(0 9^0 NaG) by vigorous stirnng then 
kept lor 2-3 hours in the icebox Inso'- 
uble particles are removed 'by centrifu- 
gation The dissolved globulin is pre- 
served in the frozen state at -20°C or 



2 


Concentration of Rh Agglutinins 


TABLE i 

Agglutination of Rli Rositne Gioup O Cells In 
Serum (Dem) 

a b c 


Serum (Dem) 

Native 

Supernatant Globulin 

1 

Undiluted 

+ + + + 

+++ 

++++ 

2 

1 2 

++ + 

+ + 

4 -+++ 

3 

1 4 

+++ 

+ 

++++ 

4 

1 8 

+ + + 

+ 

++++ 

5 

1 10 

+ + 

rt 

++++ 

G 

1 32 

+ + 

— 

++++ 

7 

1 G4 

+ 

— 

+++ 

S 

1 128 

±: 

— 

+++ 

9 

1 25G 

— 

— 

++ 

10 

1 512 

— 

— 

++ 

11 

1 1024 

— 

— 

j; 

12 

Saline 

— 

— 

— 


— = 

No agglutin ition 



it ■= 

Faint agglutination 




Slight agglutination 



+4- ~ 

Marked agglutination 



+ -j — (- — Stiong agglutination 
-}- + + + = Vera stiong agglutination 


ljophihzed The supernatant fluid to which 
a sufficient amount of 10% saline solution is 
added to bring the final salt concentration to 
0 9% is referred to in this paper as the “super- 
natant ” In former years the described pro- 
cedure served as a rough method to separate 
the globulin and the albumin fractions of 
serum It is now generally agreed that the 
albumin fraction obtained by dialysis is by 
no means pure but still contains some globulin 

The analysis of several anti-Rh sera is 
reported in this paper One serum (Kru) was 
obtained from an Rh-negative patient who 
had received multiple transfusions and who 
had died after a long chronic illness A large 
amount of blood containing an Rh agglutinin 
of relatively weak potency was collected after 
the patient’s death The second serum (Dem) 
and the third serum (Heng) were obtained 
from Rh-negative women who had given birth 
to erythroblastotic children, so was a fourth 
serum which contained “blocking antibodies” 
only 3 

The first experiment was carried out in the 
following way Decreasing amounts of serum 
(Dem) and its fractions respectivelj (volume 
0 1 cc) were mixed with 0 1 cc of a 2% suspen- 
sion of Rh-positive Group O cells After 
standing at room temperature for one hour the 
tubes were centrifuged at medium speed for 



fraction, dissolved m one-tenth of the original 
volume of the serum, contains a potent Rh 
agglutinin Characteristic of the agglutination 
of Rh-positive cells by the globulin fraction is 
not only an increase m end titer but also an 
increase in the relative strength or quality of 
the agglutination showing a 4-}- agglutination 
up to a dilution of 1 32 In contrast, the 
supernatant fluid is poor in Rh agglutinins 
when compared with the native untreated 
serum From this experiment the conclusion 
can be drawn that the Rh agglutins are found 
in the “globulin” fraction as obtained b> 
simple dialysis and only a minor portion 
remains m the supernatant fluid 

The discovery of the “incomplete antibody” 
(Race'* 4 ) or the “blocking antibody” 
(Wiener 3 ) in the serum of patients expected 
to contain Rh antibodies has proved to be of 
great importance This antibody uniting with 
Rh-positive cells, thus sensitizing them, will 
prevent agglutination of Rh-positive cells by 
the Rh agglutinin Diamond’s and Abelson’s 0 
investigations have shown that “blocking anti- 
bodies” when mixed with whole blood will 
lead to agglutination of Rh-positive cells on 
the slide as well as in the test tube As dem- 
onstrated by Diamond and his co-workers 78 
and Wiener, 9 agglutination of Rh-positive cells 
by “blocking antibodies” can be easily ob- 
tained if undiluted serum or 20% albumin 
replaces saline solution as a diluent 

The following experiment as recorded in 
Table II deals with serum (Kru) and its 
fractions derived by dialysis The experiment 
itself was carried out in two parts In the 
first part, all dilutions were made in saline 
solution, and for the second part all dilutions 

3 Race, I? R , Xatvrc, 1944, 153, 771 
■i Race, R R, and Tayloi, G L, Brit Med J, 
1944, 2, 73G 

-> XVicnei , A S , Pkoc Soc Exp Biol and Mf.d , 
1944, 5t>, 173 

< Diamond, L K » md Abclson, A II 7 Bab 
and CUn Med , 1945, 30, 204 

- Di tinond, L K , and Abelson, X M , J Bab 
and Clm 1 led, 1943, 5 <h COS 

s Diamond L E , and Denton, R L , 7 Lab and 
Chn Med , 1945, 30, S21 

a Wiener, A S, J Lab and Chn Med, lfMy 

JO, 002 
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9. 1 256 
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IX. 1 1624 

12 c a!ir“ 


(cells serum and its fractions) were made in 
undiluted serum 

Decreasing amounts of serum (Kru) and 
its fractions (volume 0 1 cc) vrere mixed with 
0 1 cc of Rnj cells belonging to Group O 
After standing ior one hour at room tempera- 
ture tee tubes vrere centrifuged and read 

Experiment U again demonstrates the fact 
that Rh agglutinins aopear m the globulin 
fraction In this case tne supernatant ap- 
pears to be comnleteh free of agglutunns 
However when dilutee m serum the super- 
natant reveals the nresence of antibodies of 
the tvpe referred to as blocking or incom- 
plete antioodies It should be pomted out 
that the untreated serum when diluted in 
serum does not reveal a higher antibodv titer 
man when diluted in saline solution One 
ought tneretore come to tne conclusion tnat 
serum ( Kru ) is free oi clocking antibodies 
but acluallv tne presence of suen antibodies 
can be demonstrated dv splitting the serum 
into fractions bv dialysis ana usina serum as a 
diluent instead of saline The relative effec- 
tiveness oi tee globulin fraction in respect to 
tne agglutination of Rfc-posiUve cells in 
a saline medium can therem-e oe exo’amed 
not onlv bv concentration oi tne Rh agglu- 
tinins Out also bv tne met tnat the 
accompanying blocking antibodies have not 
been concentrated to tne same extent The 
same results as those reported m Table II 
were observed wren Rh- ana Rh, cells were 
usea instead of Rnj cells 

The presence oi olockinn antmoaies in 


serum (Kru) manifests itself easily if 
a different order of experiment is used as 
shown m Experiment EEL 

Decreasing amounts of (a) serum obtained 
from an Rh-negaUve mother who had an 
erythroblastotic child and whose serum con- 
tained blocking antibodies only (b) a 
nownal serum (as a control) (c) the super- 
natant fraction or serum (Kru) (volume 0 15 
cc) were mixed with 0 05 cc oi a 6^ suspen- 
sion of Rhj ceils belonging to Group O. After 
incubation for 50 minutes m the water bath 
at 37 5 C 0 05 cc of undiluted anti-Rn serum 
(Diamond B-2X) were added. Tne tubes 
after being snsken well were kept for an addi- 
tional hour at 37 = C and centrifuged 
The blocking effect of the supernatant 
(Kru) wbicn equals in strengtn tne clock- 
ing property of an untreated serum of 
an erythroblastotic woman known to contain 
locking antfDOd.es is evident from this 
experiment. The question arose whether the 
incomplete or blocking antibody was to 
be found also in the globulin fraction o - 
wnether this antibody would remain in tne 
supernatant foJowmg dialysis For that rea- 
son serum (Heng) containing blocking any- 
bodies exclusiv elv was selected and subjected 
to dialysis using the teenme as described 
abcue Tee untreated serum as well as tne 
two serum fractions obtained bv dialysis were 
then examined m tne iollowmc way 
Decreasing amounts of -mole serum (Heng) 
and its serum fractions resoecuveh (volume 
0 1 cc) were mixed -nth 0 1 cc n. a 2G- 
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Agglut 


Serin 

Ttj 

2 1 

3 1 

4 1 

5 1 
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3 <1 
1 27 
3 M 
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++ 

444 

444 
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w i mu 
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+ 4 + 

4-4-4- 

4-4-4- 

+4-4- 

4-4-4- 

+4-4- 
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MH>< rn it int 


+ 

+ + 

4 — i-+ 
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experiment was carried nnt . , 

r s — s 

tion is shown m Table IV * g Butina- 
The native serum (Henrri 
serum fractions obtained by d “, W ® 1 3b the 
give any visible agglut, mo,. alys,s d ° not 

Group O when dihifed in sate Rh ’ 

ever, ,f undiluted normal serum ’ 0 " How ~ 
diluent, agglutination 0 f Rh * S Used as a 
occurs in rather high dilutions ru'7 Cells 
referred to as “supernatant'- cn fractl0n 
agglutination indicating that “° Ws definite 
antibody” is present almost to th^ <<block, ng 
as in the untreated serum Th , ame extent 

Ane globulin frac- 


tion also contains some ‘ blockir: e~> ' 
Considering the fact, however, tktv 
dealing here with an approximald’, 1 
concentrated fraction it become, A' 

<i large portion of the ‘ blocbr - 
lias remained in solution (supe® tE 'l 
ing dial) sis 

1 he serum fractions obtained b, 
were also examined for the pee-®* 
agglutinins anti-A, andanti-B Soi®- 
ular results were obtained The E 
was that dialysis would divide the 
timns more or less equal!) between t 
lin fraction and the supernatant, 
mam instances the supernatant 
tamed more lsoagglutinms anti A sr 
than the globulin fraction 

Conclusions lhe dialvsis of 
taming Rh antibodies permits the fl 
such a serum into two fractions, th 
tate, containing mostly globulins, 
supernatant, containing the album 11 
and a certain amount of the globuhr 
The sediment, when dissolved mph’ 
saline solution using one-tenth of tl 
volume of the serum prior to tre* 
shown to contain the major portion 
agglutinins A rather potent Rh ted 
can he obtained by this procedure, 
!* any instances anti-Rh sera cont: 
mins of such weak potency that 1 
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: s— cm. ice —etcrc. is esp>e- 

■ -hlndkmg antibody' he; been 
;ec to a large extent vrith 

I seperan'e g: the Rn agglutinin from 

c -<±iar antibody" has been nccom- 

c 3 ” ‘bsl^xis The effectiveness of the 




fraction Is therefore not only attribjtec to 
sirnp'e concentration of the’ Rh agglu tinins 
d_: also to the partial removal o: the Rh 
b T ockmg antiocdy. The Isengglutinlns 
anti-A and anil-B are not concentrated to the 
same extent as the Rh agglutinins which con- 
stitutes an additional advantage of the globu- 
lin p"epa ration over the untreated serum 
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- Results of Inoculating Okinawan Horses with the Virus of Japanese B 
_ Encephalitis 

: Lewis Thomas*' wd Johx L Peck. (Introduced by T At Rivers) 

F'nr~ r S -Vrrrl Mectcc 1 Fez-crcf- Frp Xo S. 


- has been reported previously 1 that a 
^.-iderable percentage of Okinawan horses 
i which samples of serum were obtained 
_; n § an epidemic of Japanese B encepha- 
y. possessed antibodies against the varus 
. -mnsible for the epidemic This observa- 
; - suggests that horses may occupy the role 
-intermediary hosts for the varus The 
-^rtance of this role m the epidemiology 
„ the disease m human beings depends to a 
extent upon whether the varus is capable 
ftirculating in the blood stream of infected 
—tea, from which source it might be trans- 
ited to man by mosquitoes In order to 
lam information concerning the matter, four 
•inawan horses were inoculated with the 
-rus of Japanese B encephalitis on 16 Sep- 
hber 1945 The present report is con- 
. j ’ ,,, the results of the experiment 

1 and Methods Through the 
jt a cn be Commander of Xav al Con- 
operation screened, wooden-frame 

traction Troops, 


screened, wooden-frame 

settlor* 1 ’ herein are those of the 

* The ldeis ^ nec csstnlv those of the Bureau 
uthors and irL <. uJ .g C ri of the Xiix Department 
£ Mcdieine ,n ^ indebted to Captain E G 
f The author® Assistant Veterinarian, 10th 
uilev, C 1 >' ' tnnc e m the handling and care of 
tray, for as ’ af , the experiment Achnowledg 
he horse 5 ‘ ’ t0 cPhM X B Stacv , USX, for 

nent ’ S ? ! '«i 5 ‘' incC 

:ceh ic'd i , Thomas, X> and Peel, J L 
’ Hodcs * 

F -,, n cc, m P r0 


stable was built on the outskirts of the village 
of Ishikawa This building contained four 
stalls a separate room for laboratory studies 
and a concrete floor with drainage outlets lead- 
ing to a nearby pit Throughout the course 
of the experiment the interior was thoroughly 
sprayed each day with DDT 

Four horses were selected from the corral at 
Ishikawa Like virtually all other horses on 
Okinawa these w ere malnourished undersized 
animals whose general physical condition was; 
obviouslv poor Three of the horses were 
approximately one vear old the fourth was a 
Mongolian ponv approximately 12 years old. 
Each horse was inoculated intravenously with 
2 cc of a 10fc suspension of mouse-brain 
tissue infected with a strain of Tapanese B 
encephalitis virus isolated during this epidemic 
from a fatal case of encephalitis - Specimens 
of blood were obtained from each horse before 
the injection of virus and at intervals of 16 
hours, 3 6, Q and 12 davs after inoculation 
neutralization tests were performed with the 
pre-inoculation sera m order to determine the 
status of immunity m each animal at the time 
of injection The specimens of blood taken 
after inoculation were injected intraeerebralh 
and intraperitoneally into mice m order to 
determine the presence or absence of virus 
In the instances where a virus was recovered 

-Hode*, II L , Thomas, L ni „j p e ,i~T~T' 
Bkoc soo Evp Btou 4NB 
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Concentration of Rh Agglutinins 


TABLE III 

Inhibitor} Effect of “Blocking Antibodies” on 
Agglutination of Ehj Cells In RU Agglutinins 


Serum containing 
blocking antibodies 

a 

Blocking 

serum 

b 

Normal 

serum 

eontiol 

c 

Serum 

(KBIT) 

supernatant 

1 Undiluted 

— 

+++ 

— 

2 13 

— 

++ + 

— 

3 19 

+ 

+ + + 


4 1 27 

4 — h 

+++ 

+ 

1 1 SI 

+++ 

+++ 

++ 

6 0 

+++ 

+ + + 

+++ 


suspension of Rhi cells belonging to Group 0 
The experiment was carried out m two parts 
Serum dilutions and blood cell suspensions 
were made (I) with saline solution and (II) 
with undiluted normal human serum Tubes 
iv ere kept for one hour m a water bath at 
3 7°C, and then centrifuged for one minute 
at a medium speed The resulting agglutina- 
tion is shown in Table IV 
The native serum (Heng) as well as the 
serum fractions obtained by dialysis do not 
give any visible agglutination with Rhi cells 
Group O when diluted in saline solution How- 
ever, if undiluted normal serum is used as a 
diluent, agglutination of Rh-positive cells 
occurs in rather high dilutions The fraction 
referred to as “supernatant” shows definite 
agglutination indicating that the “blocking 
antibody” is present almost to the same extent 
as in the untreated serum The globulin frac- 


tion also contains some “blocking antibody ” 
Considering the fact, however, that we are 
dealing here with an approximately 10 times 
concentrated fraction it becomes obvious that 
a large portion of the “blocking antibody” 
has remained m solution (supernatant) follow- 
ing dialysis 

The serum fractions obtained by dialysis 
were also examined for the presence of iso- 
agglutimns anti-A and anti-B Somewhat irreg- 
ular results were obtained The impression 
was that dialysis would divide the lsoagglu- 
timns more or less equally between the globu- 
lin fraction and the supernatant, though m 
many instances the supernatant fluid con- 
tained more isoagglutinins anti-A and ant -B 
than the globulin fraction 

Conclusions The dialysis of serum con- 
taining Rh antibodies permits the division of 
such a serum into two fractions, the precipi- 
tate, containing mostly globulins, and the 
supernatant, containing the albumin fraction 
and a certain amount of the globulin fract'on 
The sediment, when dissolved m physiological 
saline solution using one-tenth of the original 
volume of the serum prior to treatment, is 
shown to contain the major portion of the Rh 
agglutinins A rather potent Rh testing serum 
can be obtained by this procedure, where m 
many instances anti-Rh sera contain agglu- 
tinins of such weak potency that the native 


' TABLE IX' 

Titration of Eli “Blocking Antibodies” in the Diffeicnt Fractions of Suum (Bang) Against 
Rli] Cells 


a 

Natn c 

n r ~' 

Diluted Diluted 

with with 

saline serum 


i 

Undiluted 
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2 

1 2 




3 

1 4 
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+ + + 

4 

1 8 

— 


5 

1 1G 

— 

+ + 

G 

1 32 

— 

+ + 


1 04 

— 


8 

1 128 

• 

+ 

9 

1 256 

— 


10 

1 512 



11 

1 1024 

' 


12 

Saline 




b c 

Supernat mt Globulin 


I 

ii 

I 

ii 

Diluted 

Diluted 

Diluted 
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with 

\\ lth 

with 

saline 

seium 

saline 

sei um 
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serum would not be strong enough to serve as 
a diagnostic test serum The method is espe- 
cially recommended for this purpose The 
“incomplete ’ or “blocking antibody” has been 
found to be associated to a large extent with 
the supernatant, indicating that at least a 
partial separation of the Rh agglutinin from 
the “blocking antibody” has been accom- 
plished by diahsis The effectiveness of the 


resulting Rh agglutination by the globulin 
fraction is therefore not only attributed to 
simple concentration of the 5 Rh agglutinins, 
but also to the partial removal of the Rh 
“blocking antibody ' The isoagglutinms 
anti-A and anti-B are not concentrated to the 
same extent as the Rh agglutinins which con- 
stitutes an additional advantage of the globu- 
lin preparation over the untreated serum 
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Results of Inoculating Okinawan Horses with the Virus of Japanese B 

Encephalitis 

Lewis Thomas 1 '* and John L Peck (Introduced by T M Rivers ) 
Frovi V S Xaial Medical Research Unit No 2 


It has been reported previous!} 1 that a 
considerable percentage of Okinawan horses, 
from which samples of serum were obtained 
during an epidemic of Japanese B encepha- 
litis, possessed antibodies against the virus 
resoonsible for the epidemic This observa- 
tion suggests that horses may occup> the role 
of intermediary hosts for the virus The 
importance of this role in the epidemiolog} 
of the disease m human beings depends to a 
lame extent upon whether the virus is capable 
of circulating m the blood stream of infected 
horses, from which source it might be trans- 
mitted to man b\ mosquitoes In order to 
obtain information concerning the matter, four 
C man an horses were inoculated with the 
vims of Japanese B encephalitis on 16 Sep- 
tember, 1945 The present report is con- 
cerned with the results of the experiment 
Materials and Methods Through the 
, operation of the Commander of Naval Con- 
struction Troops, a screened, wooden-frame 

VfUe 1(1 CIS set forth herein ore those of the 
authors and on not necessarily those of the Bureau 
of Mcduine md Gurgen of the Nan Department 
t The mthors are indebted to Captain E G 
Eulea-, (VC) VC’S Assistant Veterinarian 10th 
\rmv, for assistance in the handling and care of 
the hones during the experiment Achnowledg 
ment is also made to CPhVI I B Stacv, USX, for 
tech ical assistance 

l Hodcs, H L > Thomas, L , and Peck, J E , 
,-c, in press 


stable was built on the outskirts of the village 
of Ishikawa This building contained four 
stalls a separate room for laboratory studies, 
and a concrete floor with drainage outlets lead- 
ing to a nearby pit Throughout the course 
of the experiment, the interior was thoroughlv 
spraved each day with DDT 

Four horses were selected from the corral at 
Ishikawa Like virtually all other horses on 
Okinawa these were malnourished, undersized 
animals whose general physical condition was 
obvioush poor Three of the horses were- 
approximateV one } ear old the fourth was a 
Mongolian pony approximate^ 12 vears old. 
Each horse was inoculated intravenously with 
2 cc of a lOfo suspension of mouse-brain 
tissue, infected with a strain of Japanese B 
encephalitis virus isolated during this epidemic 
from a fatal case of encephalitis 2 Specimens 
of blood were obtained from each horse before 
the injection of virus and at intervals of 16 
hours 3, 6 9, and 12 da}s after inoculation 
Neutralization tests were performed with the 
pre-inoculation sera m order to determine the 
status of immumt} m each animal at the time 
of injection The specimens of blood taken 
after inoculation were injected intracerebral!} 
and mtrapentoneall} into mice, m order to 
determine the presence or absence of virus 
In the instances where a virus was recovered 


-Hodex, H L, Thomas L. and Peck, J L 
Ppoc Soc Exp Biol. v\d Med, 1943, 00, 220 
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TABLE i 

Bpsults of Niuti lhzation Tests mil Mouse Inoi ul ltions nitli the Blood of Hoists Inoculated 

with Japanese B Encephalitis Thus 





Vii 

us in blood 

Hoise No 

Neutralizing titer* 

16 lir 

3 days 

6 daa s 

1 *1 

0 d ns 12 dais 

1 

0 

0 

-h 

4“ 

0 — 

2 

1000 

0 

0 

0 

0 0 

3 

1000 

0 

0 

0 

0 0 

4 

1000 

0 

0 

0 

0 0 


* Titer is expressed as numbu of 50% moitalitj doses of liras against ninth each seium 
protected mice 


from the blood stream, it was subsequently 
identified as that of Japanese B encephalitis 
by means of neutralization tests in mice 
Results The results of neutralization tests 
with sera obtained prior to inoculation, and 
the results of the injection of mice with blood 
taken following inoculation, are shown m 
Table I It will be seen that Horse No 1, a 
yearling, did not possess demonstrable neu- 
tralizing antibodies m the serum obtained 
before inoculation Sixteen hours after injec- 
tion, the virus had apparently disappeared 
from the circulating blood, as shown by the 
negative results obtained by the injection into 
mice of blood removed at this time However, 
3 days following inoculation, the virus had 
reappeared in the blood, since each of 3 mice, 
which were injected with blood removed on 
the third day, developed typical symptoms of 
encephalitis and died 6 days after injection 
The virus in the brains of these mice was 
identified as that of Japanese B encephalitis 
by means of neutralization tests with known 
hyperimmune Japanese B antiserum On the 
6th day after the inoculation of Horse No 1, 
virus was again detected in the blood of the 
animal and subsequently identified as the virus 
of Japanese B encephalitis On the 9th day, 
virus was not demonstrated in the blood of 
Horse No 1 It is noteworthy that, on this 
day, its serum was proved to contain sufficient 
antibody to neutralize 100 50%-mortality 
doses of virus in mice It is possible that the 
failure to demonstrate virus m the blood on 
this day may have been due to a masking of 
small amounts of virus by antibody 

Horse No 1 became ill on the sixth day, 
failing to eat and showing generalized weak- 
ness °The weakness increased during the next 
four days, and on the 10th day the animal 


was moribund At this time it was sacrificed, 
and specimens of tissues were obtained for 
inoculation of mice as well as for histo- 
pathological examination Virus could not be 
recovered from the bram, spinal cord, or spleen 
of this horse, and microscopic examination of 
the brain showed no evidence of encephalitis 
The cause of the death of this horse is not 
known, it is possible that it may have been 
due in part to prolonged malnutrition 

On the day of the experimental inoculation, 
Horses No 2, No 3, and No 4, as is shown 
in Table I, each possessed antibody in suffi- 
cient titer to neutralize 100 0 50%-mortality 
doses of virus m mice As might be expected, 
virus was not recovered from the blood of any 
of these animals at any time up to the 12th 
day after inoculation These horses developed 
no symptoms of infection and remained en- 
tirely well for a period of 20 days after inocu- 
lation 

Summary It has been demonstrated that 
an Okinawan horse was susceptible to infec- 
tion by the virus of Japanese B encephalitis 
and that the virus was present in the circu- 
lating blood 3 and 6 days after inoculation 
It could not be demonstrated 16 hours after 
inoculation, nor after 9 days, at which time 
a small amount of neutralizing antibody had 
appeared In 3 other horses which possessed 
high titers of neutralizing antibodies prior to 
the injection, virus could not be demonstrated 
in the blood stream following inoculation 
These results, when considered in conjunction 
with the previously demonstrated presence of 
high titers of antibodies in the sera of many 
Okinaivan horses, 1 constitute further evidence 
that this species of animal may play a role in 
the epidemiology of Japanese B encephalitis 
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Relationship of Carotid and Aortic Mechanisms to Digitalis Emesis 

X TV Pixschmtdt (Introduced by H B Haag ) 

From the Department of Pharmacology Medical College of Virginia, Richmond 


The site of the emetic action of digitalis and 
related compounds has been a subject of con- 
siderable research and control ersj oxer a 
period of more than 30 \ ears The initial con- 
clusions of Hatcher and Eggleston 123 that the 
effect was of central rather than peripheral 
origin, were not borne out bj later studies 4 5 
Hatcher and Weiss 4 0 7 and Hatcher and 
French s suggested that the emetic response to 
digitalis was of a reflex nature initiated bj 
afferent impulses arising in the heart This 
was later questioned by Dresbach and Wad- 
dell, 0 10 11 and bx Haney and Lindgren 12 The 
latter authors conclude that the mechanism 
must he either m a direct action on the medul- 
lary center, as originally suggested or ‘ on 
other structures from which impulses pass to 
the center via nerxes other than those elim- 


* The author is indebted to Dr H B Hoag for 
his valuable counsel during the course of this work 
and to Dr E L ^mith who assisted with the 
surgical procedures 

i Hatcher, B A and Eggleston Carr J Phar- 
macol Exp Therap , 1912, 4 113 
- Eggleston Carr, and Hatcher BA J A It 
A , 1913, CO, 499 

1 Eggleston Carr, J A it A , 1013 Cl 75? 

4 Hatcher, B A , and Weiss S , Arch Int Jtid 
1922, 20, G90 

3 Hatcher, B A , and Weiss, S , J Pharmacol 
Exp Therap 1923 22, 193 

o Hatcher B A, and Weiss, S, J Pharmacol 
Exp Therap , 1927 32, 37 

' Hatcher, B A, and Weiss, S, J A If A , 
1927, 80, 429 

8 Hatcher, B A, and French, S, J Pharmacol 
Exp Therap , 1932, 40, 97 

a Dresbach, M and Waddell, K. C, J Pharma 
col Exp Therap , 192G, 27, 9 

1° Dresbach, M, and Waddell, K C, J Pharma 
col Exp Therap , 1928 3t, 43 

ll Dresbach, M , and W iddc’l, K. C , J Lab ard 
Clin Med , 1929 14, G25 

'- Ilancv, H. F , and Lmdgron A J , J Phar- 
macol Exp Therap , 1942, 70, 3G3 


mated m the experiments described ” The 
Iner, as a possible source of such impulses 
has been eliminated by Dresbach 13 Hanzhk 
and Wood concluded that m spite of the fact 
that digitalis emesis occurred in their de- 
hepatized pigeons the In. er is still the pnmarx 
source of the reflex 14 The gastro-intestinal 
tract was eliminated by Hatcher and Eg- 
gleston 1 

It is well known the muscles of respiration 
are definite]} concerned with xomitmg 1 " and 
that excitation of the mechanisms located m 
the carotid and aortic bodies and indirect!} 
through the carotid smus and arch of the 
aorta ma\ , under proper circumstances, result 
in respirator} stimulation It has also been 
noted 9 that in cases where emesis does not 
result from digitalis administration rapid 
respiration frequently occurs The present 
study was undertaken in order to determine 
whether or not the surgical elimination of the 
carotid and aortic mechanisms or their nen ous 
pathwa> s might result m abolishing the emetic 
response An abstract of the work herein 
reported appeared recently 10 

Method A single mtra\enous dose of 
digitoxm which would produce emesis uithm 
30 minutes, was established Three dogs were 
gnen 0 09 mgAg digitoxm At the end of 
one hour, none of the animals having xomited, 
each dog was gnen one-half of its original 
dosage Emesis occurred in all animals 
within 30 minutes Three dogs were, there- 
fore, gnen the approximate sum of these doses 
(0 15 mgAg) Emesis occurred m all animals 
within 30 minutes Hence, m all subsequent 
experiments this was the xomiting dose em- 
plo\ ed 

is Dresbach, M Proc Soc Exp BiolTam) 
Med , 1936 37, 35, 92 

n Hanzhk, P J and Wood DA/ Pharma 
col Exp Therap , 1929, 37, G7 

13 Haicber, K A Physiol Pee , 1924, 4, 470 

19 Fmschmidt, X W , Fed Proc , 1944 ’3 
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Results of Xuiti ilizat 

TABLE I 

ion Tests mil Mouse Inoculations with (lie 
with Japanese B Encephalitis Thus 

Blood of Iloises 

Inocul ited 

Hoise No 

Xeutializing titer** 

1C hr 

Vn 

3 dais 

us 111 

0 (lax 

blood 

s 0 d i} s 12 

daxs 

1 

0 

0 

+ 

+ 

0 

_ 


1000 

0 

0 

0 

0 

0 

3 

1000 

0 

0 

0 

0 

0 

4 

1000 

0 

0 

0 

0 

0 


Titer is expressed as number of o0% moitalitj doses of xnus against which each seimn 
protected mice 


from the blood stream, it was subsequently 
identified as that of Japanese B encephalitis 
by means of neutralization tests in mice 
Results The results of neutralization tests 
with sera obtained prior to inoculation, and 
the results of the injection of mice with blood 
taken following inoculation, are shown in 
Table I It will be seen that Horse No 1, a 
yearling, did not possess demonstrable neu- 
tralizing antibodies m the serum obtained 
before inoculation Sixteen hours after injec- 
tion, the virus had apparently disappeared 
from the circulating blood, as shown by the 
negative results obtained by the injection into 
mice of blood removed at this time However, 
3 days following inoculation, the virus had 
reappeared in the blood, since each of 3 mice, 
\vtuch were injected with blood removed on 
the third day, developed typical symptoms of 
encephalitis and died 6 days after injection 
The virus in the brains of these mice was 
identified as that of Japanese B encephalitis 
by means of neutralization tests with known 
hyperimmune Japanese B antiserum On the 
6th day after the inoculation of Horse No 1, 
virus was again detected m the blood of the 
animal and subsequently identified as the virus 
of Japanese B encephalitis On the 9 th day, 
virus was not demonstrated in the blood of 
Horse No 1 It is noteworthy that, on this 
day, its serum was proved to contain sufficient 
antibody to neutralize 100 50%-mortality 
doses of virus in mice It is possible that the 
failure to demonstrate virus m the blood on 
this day may ha\ r e been due to a masking of 
small amounts of virus by antibody 

Horse No 1 became ill on the sixth day, 
failing to eat and showing generalized weak- 
ness The weakness increased during the next 
four days, and on the 10th dax the animal 


was moribund At this time it was sacrificed, 
and specimens of tissues were obtained for 
inoculation of mice as well as for histo- 
pathological examination Virus could not be 
recovered from the brain, spinal cord, or spleen 
of this horse, and microscopic examination of 
the brain showed no evidence of encephalitis 
The cause of the death of this horse is not 
known, it is possible that it may have been 
due in part to prolonged malnutrition 

On the day of the experimental inoculation, 
Horses No 2, No 3, and No 4, as is shown 
in Table I, each possessed antibody in suffi- 
cient titer to neutralize 1000 50%-mortahty 
doses of virus in mice As might be expected, 
virus was not recovered from the blood of any 
of these animals at any time up to the 12th 
day after inoculation These horses developed 
no symptoms of infection and remained en- 
tirely well for a period of 20 days after inocu- 
lation 

Summary It has been demonstrated that 
an Okinawan horse was susceptible to infec- 
tion by the virus of Japanese B encephalitis 
and that the virus was present in the circu- 
lating blood 3 and 6 days after inoculation 
It could not be demonstrated 16 hours after 
inoculation, nor after 9 days, at which time 
a small amount of neutralizing antibody had 
appeared In 3 other horses which possessed 
high titers of neutralizing antibodies prior to 
the injection, virus could not be demonstrated 
m the blood stream following inoculation 
These results, when considered in conjunction 
with the previously demonstrated presence of 
high titers of antibodies in the sera of many 
Okinawan horses, 1 constitute further evidence 
that this species of animal may play a role in 
the epidemiology of Japanese B encephalitis 
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Relationship of Carotid and Aortic Mechanisms to Digitalis Emesis 
N W Pinschmidt (Introduced by H B Haag ) 

From the Department of Pharmacology , Medical College of Virginia, Richmond 


The site of the emetic action of digitalis and 
related compounds has been a subject of con- 
siderable research and controversy over a 
period of more than 30 years The initial con- 
clusions of Hatcher and Eggleston, 1 2 3 that the 
effect was of central rather than peripheral 
origin, were not borne out by later studies 4 G 
Hatcher and Weiss 4 07 and Hatcher and 
French 8 suggested that the emetic response to 
digitalis was of a reflex nature initiated by 
afferent impulses arising in the heart This 
was later questioned by Dresbach and Wad- 
dell, 0 10 11 and by Haney and Lindgren 12 The 
latter authors conclude that the mechanism 
must lie either in a direct action on the medul- 
lary center, as originally suggested, or “on 
other structures from which impulses pass to 
the center via nerves other than those elim- 


* The author is indebted to Dr H B Haag for 
Ins valuable counsel during the course of this work 
and to Dr E L Smith who assisted with the 
surgical procedures 

l Hatcher, R A, and Lgglcston, Can, J Phar- 
macol Exp Thcrap, 1912, 4, 113 

- Eggleston, Cary, and Hatcher, R A , J A M 
A , 1913, 00, 499 

3 Eggleston, Cary, JAMA, 1913, 01, 757 

* Hatcher, R A , and Weiss, S , Arch Int Med , 
1922, 20, 690 

a Hatcher, R A , and Weiss, S , J Pharmacol 
J xp Thcrap, 1923, 22, 193 

o Hatcher, R A , and Weiss, S , J Pharmacol 
Exp Thcrap , 1927, 32, 37 

" Hatcher, R A , and Weiss, S , J A M A , 
1927, 89, 429 

8 Hatcher, R A , and French, S , J Pharmacol 
Exp Thcrap, 1932, 40, 97 
0 Dresbach, M , and Waddell, K C , J Pharma- 
col Pxp Thcrap, 1926, 27, 9 

id Dresbach, M , and Waddell, K C , J Pharma 
col Exp Thcrap , 1928, 31, 43 

li Dresbach, M , and W 1 ddc’l, K C , J Lab and 
Cl in Med , 1929, 14, C23 

I-'IIanev, II F, and Lindgren, A J, J Phar 
•mncol Exp Thcrap , 1942, 70, 3G3 


mated in the experiments described ” The 
liver, as a possible source of such impulses, 
has been eliminated by Dresbach 13 Hanzlik 
and Wood concluded that, in spite of the fact 
that digitalis emesis occurred m their de- 
hepatized pigeons, the liver is still the primary 
source of the reflex 14 The gastro-intestinal 
tract was eliminated by Hatcher and Eg- 
gleston 1 

It is well known the muscles of respiration 
are definitely concerned with vomiting 11 and 
that excitation of the mechanisms located in 
the carotid and aortic bodies and indirectly 
through the carotid sinus and arch of the 
aorta may, under proper circumstances, result 
in respiratory stimulation It has also been 
noted 0 that in cases where emesis does not 
result from digitalis administration rapid 
respiration frequently occurs The present 
study was undertaken m order to determine 
whether or not the surgical elimination of the 
carotid and aortic mechanisms or their nervous 
pathways might result in abolishing the emetic 
response An abstract of the work herein 
reported appeared recently 10 

Method A single intravenous dose of 
digitoxin, which would produce emesis within 
30 minutes, w as established Three dogs w ere 
given 0 09 mgAg digitoxm At the end of 
one hour, none of the animals having vomited, 
each dog was given one-half of its original 
dosage Emesis occurred in all animals 
within 30 minutes Three dogs were, there- 
fore, given the approximate sum of these doses 
(0 15 mgAg) Emesis occurred in all animals 
within 30 minutes Hence, in all subsequent 
experiments this was the vomiting dose em- 
ployed 

is Dresbach, II, Puoc Soc~Exr BiorAAn 
Med, 1936 37, 35, 92 

14 -Hanzlik, P J, and Wood, D A, J Pharma 
col Exp Thcrap , 1929, 37, 67 

3'- Hatcher, R A, Physiol Act , 1924, 4, 479 

l« Pinschmidt, X W, Fed Proc , 1944, 3 
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TABLE I 

Effect of Removal of Carotid Bodies md Sinuses and Benei v ation of tlie Aoitie Regulatois on 
the Emetic Response to 0 15 mg/kg l)igito\m on Bogs 

Bog No Bate Treatment Emesis after digitoxin m 


1 

S 

4 12 


22 

minutes 



20 

Caiotids lemovcd 





20 


24 

y y 

o 

9 

5 24 


18 

y j 



29 

Cuotids i Burned 





6 3 


G 

yy 



9 

Right vagus mt 





12 


17 

y y 

3 

9 

5 29 


20 

yy 



0 5 

Caiotids removed 





12 


1G 

yy 



19 

Right ngus cut 





23 

- 

15 

y y 

4 

9 

12 18 


1G 

yy 



21 

Cuotids lemovcd left ngus cut 





27 


25 

yy 



1 10 

Right ngus cut 





11 


25 

yy 

5 

$ 

12 27 


12 

yy 



28 

Cuotids i amoved, left ngus cut 





1 3 


12 

y y 

6 

9 

12 29 


G 

yy 



30 

Carotids removed, left vagus cut 





1 13 


22 

y y 

7 

& 

12 30 


15 

y y 



31 

Cuotids lemovcd, left vagus cut 





1 G 


27 

y y 



11 

Right vagus cut 





13 


Ifi 

“ 


Seven dogs (4 females, 3 males) were each 
checked for the normal emetic response to 
0 IS mgAg digitoxin After allowing a mini- 
mum of 24 hours for recovery, the animals 
underwent the following operations in 2 or 
more steps as indicated by Table I (a) 
removal of the carotid bodies and sinuses by 
extirpation of segments of the carotid arteries 
from points just caudal to the origin of the 
superior thyroid artery to points slightly 
cephalic to the origin of the lingual artery, 
(b) sectioning of one or both vagal trunks 
(in the neck region) thus interrupting the 
nervous pathways from the aorta 17 All opera- 
tions were performed under ether anesthesia 

Each animal was given a minimum of 24 
hours to recover from operation and at least 

l 7 ~Comroi, T H, Jr, Am J Physiol, 1939, 
127, 170 


7 days to recover from the previous dose of 
digitoxin The dog was then given 0 IS 
mg/kg digitoxin and watched for 30 minutes 
for emesis This was repeated after each phase 
of the operation 

The results are shown in Table I In every 
case vomiting was as prompt and typical after 
operation as before Six of these dogs survived 
sectioning of one vagus and 2 survived sec- 
tioning of both vagi without change in their 
vomiting response to digitoxin This is con- 
trary to the experience of Hanzlik and Wood 14 
who found that double vagotomy abolished 
digitalis emesis in pigeons It is in agreement, 
however, with the results of Haney and Lmd- 
gren 13 on dogs 

Conclusion Vomiting initiated by digitoxin 
is not abolished by removal of the carotid 
bodies and sinuses and by denervation of the 
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aortic mechanisms Assuming the mechanism 
to be reflex in nature, the site of ongm of the 
impulses causing digitalis vomiting is still 
undetermined The possibility remains that 
afferent impulses raaj be set up m a structure 


or structures not yet eliminated It is perhaps 
more probable that impulses may arise from 
any one of several structures all of which would 
have to be denervated m the same animal to 
abolish the emetic response to digitalis 
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The Electron Micrography of Plant Virus-Antibody Mixtures 

L hi Black/ W C Price/ and Ralph W G Wx ckofp * 

From the Xational Institute of Health, Bcthcsda, I Id , and the Department of Animal and 
Plant Pathology, the Pod c feller Institute for Medical Pcscarch Princeton, X J 


Electron microscopy is a promising new way 
of studying the interaction between an anti- 
gen and its specific antibody Such a study is 
of practical importance because the minute 
amounts of required material make possible 
the development of unusually sensitive tests 
for antigen and antibody From a more fun- 
damental standpoint the ability of the micro- 
scope to record particles comparable m size 
to antibody molecules may provide a way of 
checking directly the several hypotheses that 
have been developed to explain the nature and 
specificity of the immune reaction 

Very few papers dealing with the electron 
microscopy of antigen-antibody mixtures have 
thus far been published In two 1 2 the antigens 
are bacteria, another 3 describes the apparent 
swelling of tobacco mosaic virus particles when 
mixed with antibody The published pictures 
of sensitized typhoid and paratyphoid bacilli 
give clear evidence of the adsorption of anti- 
body onto both the cell walls and the flagella 

* Department of Animal and Plant Pathology, 
The Rockefeller Institute for Medical Research, 
Princeton, New Jersey 

1 Department of Biologi, Unncrsity of Pitts 
burgh, Pittsburgh, Pa 

t Nation ll Institute of Health, Betliesda, Mara 
1 rad 

l Mudd, S , Ilcmtncts, P , ind Anderson, T P , 
I Bxp Med , 1043, 78, 327 

- Mudd, K , ind Anderson, T F T Immunology, 
1041, 42, 231 

1 Anderson, T F , and Stanlea , IV M , J Biol 
Chrm 1041, 1*10, 330 


In the tobacco mosaic-serum photographs iso- 
lated fibers show the same kind of thickening 
as these bacterial flagella It was suggested 3 
this broadening of the tobacco mosaic parti- 
cles, from a normal 1S0A to ca 600A, was 
due to each being coated with a single layer 
of antibody molecules arranged with their 
long axes at right angles to the axis of the 
virus particle 

The visibility of viruses 4 and other objects 
of macromolecular dimensions-' is improved 
by the oblique evaporation upon the prepara- 
tion of a very thin metallic film c We are 
using this “shadow-” technic to see what new 
information it will give concerning the reaction 
between certain plant viruses and sera pre- 
pared against them Preliminary photographs 
are reproduced in this note 

Antigens used w ere tomato bushy stunt and 
southern bean mosaic viruses purified by means 
of a preliminary clarification with (NH 4 ) 2 S0 4 
followed by fractionation in a high speed cen- 
trifuge Antisera for the bushy stunt virus 
and for the bean virus 7 were prepared b\ 
intraperitoneal injection of rabbits with puri- 

•» Williams, R C, mid Wi ckoff, R W G , Proc 
Soc Exp Biol, xnd Med, 1943, 58, 2G3, Science, 
1943, 101 394, Price, W C, Williams, R C 
md Wy ckoff, R IV G , Science, 1943 ; 102 277 
' \\ illi ims, R C and W a ckoff, R W G , Suture 
1945, 150, GS 

b Williams, R C md Wa ckoff, R XV G J Ay 
plied Physics, 1944, 15, 712, 194G, 17 Xo 1 
■ Price, W C , and Blaek, L M , Phytopathology, 
in press 
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TABLE X 

Effect of Removal of Carotid Bodies and Sinuses and Deneriation of the Aortic Regulators on 
the Emetie Response to 0 13 mg/hg Digitomn on Dogs 

Dog 2Co Date Treatment Emesis after digitoxm in 


1 

6 

4-12 


O') 

minutes 



20 

C'< rot uls removed 





26 


24 

3 

•> 

o 

5 24 


18 




OQ 

C'lrotids r-moved 





63 


6 

3 



9 

Riglit Tagus cut 





12 


17 

3 3 

o 

o 

5 29 


20 

33 



6 3 

Caiotids removed 





12 


16 

3 



19 

Right signs cut 





23 


15 

3 

JL 

g 

12-18 


16 

3 3 



21 

Carotids removed left vagus cut 





27 


25 




l m 

Right vagus cut 





li 


25 

3 3 

5 

Q 

12-27 


12 

3 3 



2S 

Carotids »emoved left vagus cut 





1-3 


12 

3 

6 

o 

12-29 


6 

33 



30 

Carotids removed ’eft vigus cut 





1-13 


no 

y 3 

i 

o 

12-30 


15 

3 3 



31 

Cirotids removed left vagus cut 





1 0 


27 

3 



11 

Bight vagus cut 





13 


16 

“ 


Seven dogs (4 females, 3 males) were each 
Checked for the normal emetic response to 
0 15 ma/kg digitoxm After allowing a mini- 
mum of 24 hours for recoi ery, the animals 
underwent the following operations in 2 or 
more steps as indicated by Table I (a) 
removal of the carotid bodies and sinuses by 
extirpation of segments of the carotid arteries 
from points just caudal to the origin of the 
superior thyroid artery to points slightly 
cephalic to the origin of the lingual artery, 
(b) sectioning of one or both vagal trunks 
(m the neck region) thus interrupting the 
nen ous pathways from the aorta 3 ' All opera- 
tions were performed under ether anesthesia 

Each animal was given a minimum of 24 
hours to recover from operation and at least 

l 7 Comro» T H- Jr-, 4n 3 1939 > 

127, 17G 


7 days to recover from the previous dose of 
digitoxm The dog was then given 0 15 
mg Tg digitoxm and watched for 30 minutes 
for emesis This was repeated after each phase 
of the operation 

The results are shown m Table I In every 
case v omiting was as prompt and typical after 
operation as before Six of these dogs surviv ed 
sectioning of one vagus and 2 survived sec- 
tioning of both vagi without change m their 
vomiting response to digitoxm This is con- 
trarv to the experience of Hanzlik and Wood 14 
who* found that double vagotomy abolished 
digitalis emesis in pigeons It is m agreement, 
bowev er, with the results of Haney and Lmd- 
gren 13 on dogs 

Conclusion Vomiting initiated by digitoxm 
is not abolished by removal ol the carotid 
bodies and sinuses and by denervation of the 
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aortic mechanisms Assuming the mechanism 
to be reflex in nature, the site of origin of the 
impulses causing digitalis vomiting is still 
undetermined The possibility remains that 
afferent impulses may be set up in a structure 


or structures not yet eliminated It is perhaps 
more probable that impulses may arise from 
any one of several structures all of which would 
have to be denervated in the same animal to 
abolish the emetic response to digitalis 
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The Electron Micrography of Plant Virus-Antibody Mixtures 
L M Black, 51 " W C Price, t and Ralph W G Wyckoff ♦ 

From the National Institute of Sealth, Betliesda, 3 Id, and the Department of Animal and 
Plant Pathology, the Pocl efeller Institute for Medical llcscaich, Princeton, N J 


Electron microscopy is a promising new way 
of studying the interaction between an anti- 
gen and its specific antibody Such a study is 
of practical importance because the minute 
amounts of required material make possible 
the development of unusually sensitive tests 
for antigen and antibody From a more fun- 
damental standpoint the ability of the micro- 
scope to record particles comparable in size 
to antibody molecules may provide a way of 
checking directly the several hypotheses that 
have been developed to explain the nature and 
specificity of the immune reaction 

Very few papers dealing with the electron 
microscopy of antigen-antibody mixtures have 
thus far been published In two 1 2 the antigens 
are bacteria, another 3 describes the apparent 
swelling of tobacco mosaic virus particles when 
mixed w r ith antibody The published pictures 
of sensitized typhoid and paratyphoid bacilli 
give clear evidence of the adsorption of anti- 
body onto both the cell walls and the flagella 

* Dep irtment of Animal and Plant Patliologv, 
The Rockefellei Institute for Medical Research, 
Princeton, New Jersey 

t Dtp irtment of Biology, Unncrsita of Pitts 
burgh Pittsburgh, Pa 

} Nation it Institute of Hialth, Bcthesd i, Mary 
land 

i Mudd, S , Ilcininets, F , and Anderson, T F , 
T Exp Med , 1043, 78, 327 

- Mudd, S , ind Anderson, T F, T Immunology, 
1041, 42, 231 

o \nderson, T F, and Stanlei, XV M, J Biol 
Chi m 1041, 119, 330 


In the tobacco mosaic-serum photographs iso- 
lated fibers show the same kind of thickening 
as these bacterial flagella It was suggested 3 
this broadening of the tobacco mosaic parti- 
cles, from a normal 1S0A to ca 600A, was 
due to each being coated with a single layer 
of antibody molecules arranged with their 
long axes at right angles to the axis of the 
virus particle 

The visibility of viruses 4 and other objects 
of macromolecular dimensions 5 is improved 
by the oblique evaporation upon the prepara- 
tion of a very thin metallic film® We are 
using this “shadow” technic to see what new 
information it will give concerning the reaction 
between certain plant viruses and sera pre- 
pared against them Preliminary photographs 
are reproduced m this note 

Antigens used were tomato bushy stunt and 
southern bean mosaic viruses purified by means 
of a preliminary clarification with (NH 4 ) 2 S0 4 
followed by fractionation m a high speed cen- 
trifuge Antisera for the bushy stunt virus 
and for the bean virus 7 were prepared by 
intraperitoneal injection of rabbits with pun- 

■» ‘Williams, R C , and Wyckoff, R W G, Proc 
S oc Exr Biol x\d Med, 1045, 58, 265, Science, 
1045, 101, 594, Price, W C, Wiltnms, R C, 
ind XWckofT, R IV G, Science, 3045, 102, 277 

-■ V illnms, R C , and Wxekoft, R W G , Nature, 
1045, 150, GS 

o Williams, R C, ind Wiekoff, R XV G,J Ap 
phed Physics, 3944, 15, 712, 104G, 17 No 1 

■ Price, XV C , and Black, L M , Phytopatholooii, 
hi 
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Plant Virus — Antibody Mixtures 



o S.M- 



fied virus suspensions The anti-bushy stunt 
serum was originally made for another set of 
experiments for which it was important that 
the serum be freed from traces of tobacco 
mosaic antiserum that might be present To 
insure this it has been absorbed with purified 
tobacco mosaic virus, the excess of which 
provides the rod-forms seen in Fig 3 

Preparations for electron microscopy were 
made in the following way Purified virus 
containing ca one milligram per cc was mixed 


with an equal volume of undiluted serum and 
the mixture immediately diluted with from 10 
to 100 volumes of distilled water This 
diluted serum-virus mixture was examined 
immediately and after varying intervals up to 
24 hours Time seemed to have little effect 
on the character of the electron photograph 
obtained The concentrated serum-virus mix- 
ture soon became turbid with the eventual 
precipitation of a part of its contents but the 
more dilute mixtures remained dear through- 
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out the period of observation Micro-drops 
of the diluted mixtures were placed on the 
usual collodion-covered screens, left several 
minutes and then w ithdrawn as completely as 
possible After being allowed to dry in the 
air the screens containing the less dilute mix- 
tures were washed seteral times bv the addi- 
tion and subsequent withdrawal of droplets 


of distilled water Final preparations were 
shadowed as usual m the vacuum chamber of 
a metal-evaporating unit $ Gold in an aver- 

$AYc wish to express our pt ititude to Perrr C 
‘smith and I? G Picard of the h idio Uorpor ition 
of Xinenca, C linden, NT for t tie use of e\ ip 
or lting equipment 
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age thickness of ca 8A was laid down, the 
angle of evaporation being such that an object 
on the preparation would cast a shadow five 
times its height 

Two sorts of preparations were made and 
examined as controls for the foregoing virus- 
antibody mixtures One consisted of mixtures 
containing normal m place of immune serum, 
the other was of serum without admixed virus 
These were shadowed in the usual fashion 
before examination 

Both viruses have elementary bodies that 
are essentially spherical, in pure suspension 
and at sufficient concentrations they show a 
pronounced tendency to associate in regular 
crystal-hhe arrays 8 When mixed with spe- 
cific antiserum, however, these particles 
appear aggregated without the same regularity 
into microclumps The character of this 
micro-agglutination will be clear from a com- 
parison of Fig 1 and 2 Fig 1 is a typical 
field from a purified preparation of the 
southern bean mosaic virus, Fig 2 shows a 
mixture of this virus with its antibody Sim- 
ilar microfiocs are produced when the bushy 
stunt virus and its antiserum are mixed 
(Fig 3) Micro-flocculation has also been 
observed with the tobacco mosaic virus pro- 
tein and with other antigens when mixed with 
their anti-substances Similar agglutinations 
were not seen when normal rabbit serum re- 
placed specific serum m the mixtures For 
example, m Fig 4, which is taken of a mix- 
ture of bushy stunt virus and normal serum, 
virus particles are separate from one another 

s Price, W C , Williams, R C , and W3 el. off, 
R W G , op cit , Arch Siochcm , in press 


in their enmeshing serum The amount of 
virus m single microfiocs on preparations such 
as those giving Fig 2 and 3 often is no more 
than ca 10~ 12 g 

In these photographs the background struc- 
ture due to the collodion is often less sharply 
defined than usual This apparent smooth- 
mg-over of detail in the substrate is probably 
due to an irreversible deposition of serum 
proteins over the entire surface of the prepara- 
tion 

It is not so simple as might at first be 
imagined to measure accurately the apparent 
increase in particle size of the virus in these 
mixtures The agglutinated particles of Fig 
2 and 3 are close to one another but their 
outlines are often diffuse and the irregularity 
of their vertical stacking prevents many deter- 
minations of particle-separation Best results 
are obtained by seeking places where several 
particles are lined up m rows Preliminary 
measurements on such rows indicate that the 
apparent separation of both agglutinated bean 
mosaic and bushy stunt virus particles is about 
twice that found in pure suspensions More 
accurate studies are being made of mixtures 
containing different proportions of antigen 
m order to obtain more precise data 

Summary Shadowed electron micrographs 
of mixtures of purified southern bean mosaic 
and bushy stunt viruses \uth their specific 
antisera show their spherical elementary bodies 
aggregated into microfiocs m which the 
particle-separations seem to be about twice 
their normal values More detailed electron 
micrographic study of these systems is 
underway 
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The Effect of Lecithin Administered Intraxenously 

Gerald K Ashby (Introduced by Warren M Cox, Jr ) 

From the Depot tmcnt of Mvtntwnal Research, Mead Johnson $ Co , Evansville, Ind 


It has been reported that various lecithins 
when administered by vein cause hemol- 
ysis, 1 2 3 leukocytosis, i- * * 4 * changes in the fragility 
of the blood cellular components 4 se or 
death 7 On the other hand, one investigator 
reports that regardless of the method of ad- 
ministration lecithin alone exerts no toxic 
action 8 Because of the current interest m 
fat emulsions for parenteral use, 9 10 11 a brief 
study of the effect of lecithin when adminis- 
tered by vein has been made 

Experimental Each sample of lecithin was 
prepared as a 7 0% colloidal solution m 
pyrogen-free distilled water and autoclaved at 
10 pounds pressure for 15 minutes The 
sterile solutions were rapidly injected into the 
marginal ear veins of normal rabbits in 
amounts sufficient to supply 1 75 g of lecithin 
per kilogram body weight Table I shows the 
essential data obtained with 13 samples of 
lecithin All but one of the injected rabbits 
died within 12 hours These results strongly 
suggest that none of the tested lecithins is 
suitable for making fat emulsions for intra- 
venous use 

1 ScbvppCTS, T C , Bioclicm Z , 1912, 41, 138 
a Cimkslnnh, T, nul Jlackie, T J, J Path 
Bacl , 1013, 18, 00 

3 Lewn, B S,C R Soc Biol , 1035, 119, 80 

4 St'iss'ino, II , anil B lion, F , Compt Rend , 
1002, 131, 318 

1 Gronbsrg, A , and Lundberg, A , Acta Med 
Scant! , 1028, 09, 90 

OGionb rg, X, and Lundberg, A, Jcln If cd 
Scant ! , 1029, 72, 201 

"Tompkins, 11 II, Am Rev Tuber, 193C, 
1% G23 

s II msclimidt, II , Bioclifm Z , 1913, 31, 171 
ft Ilolt, L II , Tr, Tidwell, II C, and Scott, 
T r , T Pcdittt , 1035 O, 131 

10 McKibbm, J M , Pope, A , Tliajer, S , Fcrri , 
It M , .Tr , and Stare, F J , J Lab and Clin If cd , 
1043 TO, 4SS 

HDunbim, L T, and Rrunsdiw ig, A, Arch 
Sum , 1044, -18, 303 


Various methods of isolating lecithin from 
eggs were investigated, but the methods gen- 
erally used for this purpose were not entirely 
successful in our hands 12113 The method finally 
adopted consisted of exhaustive extraction of 
powdered egg yolk with acetone to remove the 
fat, subsequent extraction with alcohol to ob- 
tain the crude lecithin, distillation of the 
alcohol under high vacuum, solution of the 
residue in ether and final precipitation of the 
lecithin with acetone The precipitated leci- 
thin was redissolved in ether, filtered and 
reprecipitated with acetone several times 
Final traces of solvent were removed under 
high vacuum at low temperature Yields by 
this method were 11% of the original weight 
of the egg powder 

Lecithin prepared in this manner and stored 
under high vacuum for varying lengths of 
time up to 228 days was injected into 14 
noimal rabbits without any apparent ill effects 
(Table II) The level of 1 75 g per kilo 
body weight was increased to 3 5 g per kilo 
and again without any ill effects, but 7 0 g 
proved to be fatal 

Samples of egg lecithin prepared and tested 
as above were then exposed to the air at room 
temperature and at 55°C for varying periods 
of time to determine if toxic properties would 
develop As indicated in Table II, toxic 
properties did develop in as little as 14 days 
at 55 °C and 47 days at room temperature 
The toxicity which developed in 53 days at 
55°C was profound, since both rabbits died m 
exactly 4 minutes after the infusions were 
begun It was thought that perhaps this 
toxicity might be due to lysolecithin but efforts 
to purify the exposed sample from toxic sub- 
stances by the differential solubility of lecithin 

i- jrnltmcr, F , J Am Client Soc , 1930, 32 

1718 

1 > 31 uXon Hugh, mil JIicLeui, Ich S , 

Lecithin and Allied Substances, 2ml cil , pp 84-85, 

1027 
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and lysolecithm in ether 14 were unsuccessful 

Chemically speaking, the purest lecithin has 
been prepared through the cadmium salt 11 
This procedure did give a very light-colored 
and attractive preparation, but a fat emulsion 
prepared with it was promptly fatal to a dog 
and the lecithin itself was fatal to a rabbit 
(Table II) The toxicity of lecithin prepared 
m this manner was found to be due to traces 
of cadmium which could be removed b\ treat- 
ment with hydrogen sulphide 

Summary Thirteen samples of commercial 
lecithin were fatal to rabbits when admims- 

11 Fion, A , Biocliim tcrap ^pcr , ll'io 17,267 


tered intravenously at a level of 1 75 g per 
kilo body weight 

A method for preparing lecithin from egg 
yolk is described and it is shown that lecithin 
so prepared is harmless to rabbits when given 
by \ em even at a level of 3 5 g per kilo body 
weight Lecithin so prepared will acquire toxic 
properties if exposed to the air Elevated 
temperatures accelerate this process If the 
lecithin is stored under high vacuum, toxic 
properties will not develop wutbin at least 
228 days 

Egg lecithin prepared through the cadmium 
salt ma\ contain sufficient quantities of cad- 
mium to produce cadmium poisoning 


15211 

In vitro Susceptibility of Htstoplasma capsulatum to Therapeutic Agents 


John H Seabury and Dorothy Artis (Introduced by H A Davis ) 

I'rom the Department of Medicine, Vmccrsitn of Michigan, and the Diusion of Hospital 
Laboratories, Vniicrsitij Hospital, Ann Arbor, Mich 


During treatment of 3 cases of histoplas- 
mosis in the early months of 1945, it was 
decided to carry out m vitro susceptibility 
studies on the yeast phase of Htstoplasma 
capsulatum 

Methods Five-day-old cultures of Histo- 
plasma capsulatum in heart-bram infusion 
broth (Difco) were used as the test organism 
The drugs tested were neoarsphenamme 
neostam, sulfadiazine, sulfathiazol, stilbami- 
dme * Two antibiotics, streptomycin* and 
penicillin were likewise tested The drugs 
were added to the media, before inoculation of 
the organism, m the following mg% concentra- 
tions 100, SO, 25, 20, 10, 1, 0 1, 0 01, and 
0 001 

The streptomycin was employed m the same 
manner, but in concentrations of 2500, 1250, 
750, 250, 125, 100, 75, 50, 25, 12 5, 10, 7 5, 
and 5 units per ml Penicillin was used in 
concentrations of 10, 5, and 1 units per ml 
Culture tubes of heart-brain infusion at pH 


* The stilbamidine and streptonoem used were 
kindly supplied liy Merck md Co 


7 4, containing the desired concentrations of 
drugs in 10 ml, were inoculated, m duplicate 
with 0 5 ml of a 5-day broth culture of the 
yeast phase of the test organism and incubated 
at 37°C These cultures were examined for 
growth at the end of 7 days of incubation 
Similar tests were performed in which the 
amount of inoculum was reduced to 0 2 ml of 
the 5 -day culture of Htstoplasma capsulatum 
Each of these series, in duplicate, was repeated 
once with identical results 
A control series, in which drug-free culture 
medium was inoculated with the same quantity 
of inoculum as used in the drug series was 
performed with each experiment 

The cultures were examined at the end of 
7 daj’s, and subcultures were made from all 
tubes which did not show growth or which 
were very cloudy In tests using neoarsphen- 
amine, stilbamidine, and streptomycin, some 
precipitate was formed when these agents were 
added to the heart-brain infusion broth In 
the case of streptomycin, this was believed to 
be due to lipoid substances present in the 
streptomycin In the case of stilbamidine, 
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CHUtT I 


Inability of Strrptoa/cln to Pra/cnt Infection of ^Srbrjronatra ChlcP *lth Influenza Strains 


PH— fl fT-m- A) 


Ealinr 

Control 


gffaet, m>r<s Effect Ttt-ra Effect Httel 

on on on on 

Zthrmn Zrbrrna ZnbrTnc P SEES 



2,003 unite 
3 tisos 


4,000 units 
3 tla-a 


Saline 
3 tlero 



3/e 


3/14 


1/6 


0/3 


2/16 


L*»gr*nd ; 


f<uc/*rat<?r— — ©sbr/oo d»ad oft'v U £ h re 
D'TKainator--'^.br70B jnoruXntgd 

□ one enbrj-o, location Indicates agglutination titer of allantoic fluid after 4? hre. 


chick embryo, a laboratory trial against 
viruses which would grow in the chick embryo 
seemed warranted 

Method of Study 'I he allantoic cavities of 

\Jonc), V, Mrt/grr, T J, Rcliutr, A, tml 
W iVimin, S A , Srinu-r, Kill, 100, 10', 


II- to 13-day-oId embryonaled chicken eggs 
were inoculated with various strains of influ- 
enza combined with varying amounts of 
streptomycin The J>R-8 and Olsen strains 
were u*ed as representative of Type A and 
the Lee strain as an example of Type B 
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Streptomycin and Influenza Viruses 


table i 

In Vitro Effect of Vauous Concentrations of Therapeutic Agents on Histoplasma capsulatum 


Concn mg% 


100 

50 

25 

20 

10 

i 

0 1 

0 01 0 

001 

“Control 

J^eoarspliemmiiH, 


0 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


+ 

+ 

Neostam 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


+ 

+ 

Sulfadiazine 


+ 

+ 


+ 

+ 

+ 

+ 

+ 


+ 

+ 

Sulfathiazole 


+ 

+ 

+ 


+ 

+ 

+ 

+ 


+ 

+ 

Stilbamidme 


0 

0 

0 

0 

0 

+ 

+ 

+ 


+ 

-L 

Concn units/ml 

2500 

1250 

750 

250 

125 100 

75 

50 

25 

12 5 

10 

75 

5 1 

Stieptomj cm 

+ 

+ 


+ 

+ + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Penicillin 








+ 

+ + 


0 No gion Hi 
+ Giov, tli 

51 Control tube contained no drug and u is nlnajs positne 


this was due to the sodium chloride present in 
the infusion broth, inasmuch as it is known 
that sodium chloride will produce crystalliza- 
tion of stilbamidme The cause of the pre- 
cipitate when neoarsphenamme was used is 
not known, but is probably related to the 
colloid-like properties of neoarsphenamme 
This factor of precipitation undoubtedly re- 
duced the amount of effective therapeutic 
agent present At the time, it was impossible 
to determine the amount of each agent actually 
in solution 

Results The results of these experiments 


are presented m Table I On the basis of 
these experiments, it was found that neo- 
arsphenamine m a concentration of 100 mg%, 
and stilbamidme in concentrations from 10 to 
100 mg%, prevented the growth of Histo- 
plasma capsulatum As previously stated, the 
actual amount of neoarsphenamme and stil- 
bamidme in solution was less than the tabu- 
lated concentrations 

The use of sulfadiazine, sulfathiazole, and 
neostam as well as streptomycin and penicillin 
exerted no inhibitory effect in the amounts 
used 
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Effect of Large Doses of Streptomycin and Influenza Viruses on 

Chick Embryos 

Alfred L Florman, Alice B Weiss, and Francis E Council 
(Introduced by V E Levme ) 

From the Viius Section of the Ninth Service Command Laboratory, Presidio of Monterey, 

California 


Search for an effective therapeutic agent 
against viral infections has been stimulated by 
the success attained in treating bacterial dis- 
eases with sulfonamides and antibiotics How- 
ever, since the problem is complicated by the 
intracellular growth of viruses, it is perhaps 
not remarkable that the results up to the 
present time have been almost consistently 
negative 1 Recently a small quantity of strep- 

"l Jones, D , Beaudette, F R , Geiger^ XV B , and 
Waksman, S A , Science, 1945 lOl, 065 


tomyern 2 * became available to us Because 
of the effectiveness of this agent against a 
number of bacteria which have been resistant 
to previously studied antibiotics and chemo- 
therapeutic drugs, and its low toxicity for the 

2 Sehatz, A , Bugie, E , and Waksman, S A , 
Proc Soc Exp Biol and Med , 1944, 55, 06 

* The streptomycin was supplied b) Merck and 
Company through the courtesy of Dr D F Bob 
i rtson It consisted of remnants of lots No 199, 
209, °12 
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Penicillin Protection Against Gonococcal Endotovin 19 

TABLE I 


Effect of Penicillin on the Letlnl Action of Gonococt il Endotoxin m Mice 


Gonococcal endotoxin 

Dost, ml 

Conti ol lime 
Died/inici tul 

Penicillin tieated mice 
Died/injected 

Fiom strain 3G2 

0 i 

11/12 

G/12 


0 1 

8/12 

2/12 

From strain 334 

0 5 

10/10 

G/10 


0 25 

8/10 

2/10 


01 

7/10 

0/10 
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Penicillin Protection Against Gonococcal Endotoxin 


influenza t Each embryo received an original 
total inoculum of 0 IS cc, of this 0 OS cc was 
a 1 1000 dilution of infected allantoic fluid, 
and 0 10 cc was either saline or the antibiotic 
reconstituted and diluted with sufficient saline 
to give the desired concentration The virus 
and streptomycin were mixed immediately 
before inoculation In those instances where 
more than one “dose” of streptomycin was 
given, the subsequent injections were made in 
0 15 cc quantities within the first 24 hours 
In the interim, the shellholes were sealed with 
a small tent of Scotch tape The eggs were 
incubated at 36° to 37 °C for 48 hours After 
this period the allantoic fluids were collected 
and their hemagglutinating titers for chicken 
red cells were determined 4 

t The influenza strains Here furnished by Dr 
II D Eaton 

•iFlormin, A L, and Cranford, J P, Am J 
Med Set , 1944, 208, 494 


Results oj Study The results of several 
experiments are summarized in Chart 1 1 From 
this it is apparent that 

1 A total of 12,000 units given over a 
period of 24 hours failed to make any sig- 
nificant difference in the multiplication in the 
chick embryo of the PR-8, Olsen and Lee 
strains of influenza This represents a total 
dosage of approximately 200,000 units per 
kilo of egg weight per 24 hours It may be 
contrasted with the ISO and 300 units of 
streptomycin which protect chick embryos 
against Shigella Galhnarum and Bmcella 
abortus infections 3 

2 Despite the very large amounts of strep- 
tomycin administered in these experiments 
there was no evidence of any lethal effect on 
the developing embryo The low toxicity of 
this new agent is noteworthy 

t The chart ms picpaied bj Cpl Pied At Tradei 
md photognphed bj the USA Signal Corps 
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Protection of Mice Against Lethal Action of Gonococcal Endotoxin by 

Penicillin ' 


C Phillip Miller and Ald en K Boor 

From the Deportment of Medicine and the A B Kuppenliei/mci Foundation , University of 

Chicago 


We have reported 1 that large subcutaneous 
doses of penicillin repeatedly administered 
exert a considerable degree of protection 
against the toxicity of sterile meningococcal 
endotoxin as measured by its lethal action m 
mice and rabbits Neter 2 claimed that peni- 
cillin mixed with tetanus toxin did not protect 
mice from death According to Ercoli, Lewis, 
and Moench 3 large doses of penicillin neu- 
tralized diphtheria toxin in vitro, but had no 
effect in guinea pigs on the lethal action of 

* Aided by a grant from the John and Marj B 
Marble Poundation 

1 Boor Alden K , and Miller, C Phillip, Science, 
1945, 102 , 427 

2 Neter, K i win, J Inf Dis , 1945, 70, 20 

s Erco i, N , Lewis, M N , and Moench, Lucille 
3 , J 'Phorm Exp Ther , 1945, 84, 120 


incompletely neutralized diphtheria toxin 
Little other investigation has been directed 
toward the effect of penicillin on the action of 
toxic bacterial substances Carpenter and his 
co-workers 4 n 6 reported detoxification by sul- 
fanilamide and sulfapyridine of the “toxins” 
of gonococcus and other bacteria 

The crude endotoxin used in these experi- 
ments was prepared from S strains of gono- 
coccus grown for 1 8 hours on an agar medium 7 

4 Carpenter, C M, Hawley, P L, and Barbour, 
G M, Science, 1938, 88, 530 

5 Barbour, Gerald M , and Carpenter, Charles M , 
Am Assn Adv Sci , Pub No 11, 1939, 114 

G Carpenter, Charles M , and Barbour, Gerald M , 
Proc Soc Exp Biol and Med , 1939, 41, 354 

7 Boor, Alden K, Proc Soc Exp Biol and 
Med , 1942, 50, 22 
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Action of Anterior Pituita t -\ on Sertoli Cells 



Fig 1 4 Testis of Bufo arenantm Hensel Hcnntoxvlm eosm Ob 90x, oe 6x, Cam 
length GO cm ^e, Sertoli tell Sn Sertoli nucleus E spermatozoon, v raeuole 

Fig 1 Normal control ^penmtozou tiglith ilustered upon Sertoli tells Fix Zenker 
formok 

Fig 2 Tlnrtv minutes after the injection of the pituitarv extract Cvtoplasm of Sertoli 
i ells is great Iv increased showing a fine vacuolization and small eosinophilic granules Fix 
Bourn s fluid 

Fig 3 One hour after injection Cxtoplasm of the ^ertoli cells is more livpertropli c and 
shows big vacuoles Fix Bonin s fluid 

Fig 4 Three hours after injection Spcrmatozoi are tomplctelv liber ited and released 
into the lumen Sertoli cells appear liiglilv vaeuohzed and with the apical border torn (Lumen 
slightly retouched ) 


servation finding that the injection ol pituitary 
extract produces m the testis of hibernating 
frog the release of the spermatozoa normally 
attached to the Sertoli cells The author gi\ es 
no explanation of the mechanism by which 
the spermatozoa are released into the lumen, 
but suggests that “Possibly smooth muscle 
fibers are mvohed in the expulsion of sper- 
matozoa from the tubules (Rugh") 

In order to in\ estigate the actual mechanism 
ot this release toads {Bn jo area arum Hensel) 
in sexual rest (end of summer) were miected 
intravenously with a total extract of 3 antenor 
lobes of the pituitan gland of male toads 


Thirty minutes one 2,3, and 5 hours after the 
injection, the testes were fixed in Bourn or in 
Zenher-formol fluids and also in the fixa- 
tive of Champy, followed for 7 days by 
immersion m osmic acid at 3S°C Testes of 
normal control animals showed almost all 
mature spermatozoa clustered about their 
Sertoli cells (Fig 1) Thirty minutes after 
the injection of the pituitary extract some of 
the spermatozoa ha\e been liberated The 
Sertoli cells showed big increase and \acuo- 
1 zation of cytoplasm (Fig 2) After one 
hour, clear hy dropic \ acuoles were more con- 
spicuous and also some acidophil droplets were 
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Action of Anterior Pituitary on Sertoli Cells 


containing casem-digest and cystine The 
organisms were washed off with saline, centri- 
fuged, resuspended, and recentnfuged three 
times to free them from medium The packed 
cells were finally suspended in water, adjusted 
to pH 8 0 and kept about 6 hours at room 
temperature and 14 hours at 4°C Next the 
preparation was neutralized and sterilized by 
heating at 60°C for 30 minutes Its concen- 
tration was adjusted to about 1 0% solids 
All injections of endotoxin were made mtra- 
pentoneally in 18- to 20-g white mice The 
toxicity of each preparation was determined 
by preliminary tests in batches of 5 or 6 mice 
for each trial dose 

The pemcillmt used was the ordinary com- 
mercial product of several manufacturers The 
mice received 8 subcutaneous injections of 
penicillin of 1,500 units each in 0 15 cc of 
water These were usually given as follows 
at 90- and 45-minute intervals before the 
endotoxin and at 1, 3, 5, 9, 20, and 24 hours 
after the endotoxin Variations in total quan- 
tity and number of doses of penicillin were 
tried but no improvement was found in the 
amount and method of administration Mice 
were used m groups of 8 to 15 for each quan- 
tity of endotoxin m the control group as well 
as in the group receiving penicillin Total 
number of deaths was determined for a period 

t The lien eil m u as provided bj the Ofcce of 
Scientific Research and Development from supplies 
assigned In the Committee on Medical Beseaieh 
for expei imental investigations lecommended In 
the Committee on Chemotherapeutic and Other 
Agents of the National Besearch Council 


of 90 hours after injection of the endotoxin 

In most of the experiments graded doses of 
endotoxin were used Representative of some 
of the more striking experiments are the two 
summarized in Table I In each group injected 
with a given dose of endotoxin, more deaths 
occurred among the controls than among those 
treated by penicillin 

Some experiments showed better protection 
than others, but m every one fewer of the 
treated mice died than of the controls The 
combined results of all the series, totaling 176 
control mice and 210 penicillin treated, are 
summarized m Fig 1, which shows the rates 
of death as well as final percentages 

The difference in survivals and deaths as 
shown on this chart may be considered signifi- 
cant Whereas 76 7% of all the control mice 
died, only 36 5% of those receiving the peni- 
cillin treatment died 

During the first 12 hours after endotoxin 
injection, 18 7% of the controls and 114% 
of the pemcillm-treated mice died — some as 
early as 3 hours From 12 to 20 hours the 
highest mortality occurred — 38 1% of the 
controls and 18% of those treated with peni- 
cillin 

Other substances such as saline and tryptic 
digest of casein repeatedly injected in place 
of the penicillin failed to influence the lethal 
action of the endotoxin 

Summary and Conclusions Large doses of 
penicillin repeatedly administered by subcu- 
taneous injection protected a significant pro- 
portion of mice against the lethal action of a 
crude preparation of gonococcal endotoxin 
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Action of Anterior Pituitary on Sertoli Cells and on Release of Toad 

Spermatozoa 

E De Robertis, M H Burgos, and E Breyter (Introduced by Vergiho G Fogha ) 
From the Institute of General Anatomy and Embryology, Faculty of Medicine, Buenos Aires, 
and Institute of Biology and Experimental Medicine 


Houssay and Lascano Gonzalez found that 
m the testis of toads, in which anterior pitu- 
itary g ands were implanted, spermatozoa 

1 Houssjv, B A, and Lasc mo Gonzalez, J M, 
Rev Soc Aig Biol , 1929, 5, 77 


were released into the lumen of the seminif- 
erous tubules Rugh 23 confirmed this ob- 

a Rugh, L B , Pkoc Soc Exp Biol and Med , 
1937, 30, 418 

3 Rugh, E R , J Exp Zool , 1939, 80, 81 
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Additional worms will be seen in the perfusate 
exiting from the cut edges of the liver and 
from the portal vein When no further hepatic 
vein perfusion yields any worms, the liver is 
divided into its separate lobes and these cut 
into smaller pieces about 3 to 4 inches square 
The larger portal radicals may be perfused 
and additional worms obtained By a gentle 
squeezing and shaking motion of the pieces of 
liver additional worms can be recovered (The 
intact liver may be kept in saline overnight 
safely and the above procedure carried out 


with the same results as with livers done 
shortly after removal from the animal’s body ) 
The mesentery of the large and small bowel 
is stripped from its attachments, cut into small 
pieces and placed in saline This is allowed 
to stand at ice-box temperature overnight, at 
which time all the worms remaining m the 
mesenteric venous system will have escaped 
and seen lying on the bottom of the container 
Experiments are being carried on to deter- 
mine fully the advantages of this method over 
other methods described 
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Subtilin — Antibiotic Produced by Bacillus stibhlts * II Toxicity of 
Subtilin to Living Embryonic Tissue , 

A J Salle and Gregory J Jann 

From the Sepal tment of Bacteriology, Uvvueisitv of California, Los Angeles 


In a previous communication 1 it was shown 
that subtilin, an extract prepared from Bacillus 
subhlis, was antagonistic chiefly against 
Gram-positive bacteria Two notable excep- 
tions were Neisseria calarrhahs and N gonor- 
ihocac, both Gram-negative but also antag- 
onized by subtilin Acid-fast organisms, 
including Mycobactcimm tubeicidosis, and a 
number of pathogenic higher fungi were also 
found to be susceptible to the antibiotic The 
agent produced a bacteriostatic action m high 
dilution and a germicidal effect in greater con- 
centration 

The present communication is concerned 
with the toxicity of subtilin to living embry- 
onic chick heart tissue fragments cultivated in 
vitro The procedures followed in performing 
the tests were the same as those previously re- 
ported - 3 

Experimental The highest dilution of sub- 
tilm that killed embryonic chick heart tissue 
fragments in 10 minutes at 37°C was found 

’'This lineutig ition \\ is aided bj a grant from 
Lli Lilli and Comp mi , Indianapolis, Ind 

t The subtilin piepiration used in these expen 
nients n is kindli supplied bj the M estern Region il 
Bcseauh Laboi itorj, Album, Calif 

1 Salle, A I , and Jnnn, Giegori, T , Proc Soc 


to be 1 500 (Fig 1) The highest dilution of 
subtilin that killed Staphylococcus aureus 
(FDA strain) under the same conditions 
was 1 9750 (Table I) From these results 
a toxicity index may be calculated 

The toxicity index may be defined as the 
ratio of the highest dilution of subtilin killing 
embryonic chick heart tissue after an ex- 
posure period of 10 minutes at 37°C to the 
highest dilution killing Staphylococcus aureus 
under the same conditions The results give 
a toxicity index of 500/9750 = 0 05 (Table 
II) Under the conditions of the test, subtilin 
was found to be 20 times more toxic to 
Staphylococcus auieus than to embryonic 
chick heart tissue, a remarkably low figure 
Theoretically, the smaller the toxicity index 
the more nearly perfect the germicide 

Unitagc The methods used for expressing 
the potencies of the various antibiotics are, in 
general, quite complicated and confusing In 
order to simplify the method of designating 

Exp Biol ixd Mfd , 1945, CO, GO 

- S illo, I J , XlcOmie, IV A , Slieclimcistcr, 
1 L, mil Fooid, D C , Pnoc Soc Exr Bioi \\D 
Mfd , 193S, 37, 1,94 

3 S Die, A J McOmic, 1\ I , Sliecluneisler, 
T I , 111(1 Poord, DC , r Bait , 1039, T7, G39 
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found (Fig 3) The vacuoles have the ten- 
dency to aggregate and seem to push the 
spermatozoa away from the tubule wall Three 
hours after the injection almost all mature 
spermatozoa have been released Most of the 
Sertoli cells appear enormously vacuolized and 
with the apical border completely irregular, 
due to the rupture of some vacuoles (Fig 4) 
During this process of vacuolization, the 


Golgi apparatus appears fragmented and situ- 
ated close to the vacuoles 
The observations recorded here show that 
possibly the release of the spermatozoa of the 
toad, under the influence of the pituitary 
gland, is due to the intense changes produced 
m the Sertoli cells, which lead to the rupture 
and disintegration of the apical part of their 
cytoplasm 
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A Method for Removal of Adult S mansont from Experimentally 

Infected Rabbits 

J Leonard Brandt and E P Finch (Introduced by J Oliver Gonzalez ) 
From the Department of Medical Zoology, School of It apical Medicine * San Juan, Fuel to Fico 


Herein is described a method for the re- 
moval of adult S mansont worms from experi- 
mentally infected rabbits The method has 
been used with good results in rabbits although 
there is no apparent reason why it could not 
be applied to other experimental animals sus- 
ceptible to schistosomiasis 

The animal is tied to a board and a large 
dose (100 mg) of Heparin (Abbott — 10 mg 
per cc) in 30 to 40 cc of physiological saline 
is injected very slowly into the heart or intra- 
venously Between IS to 30 minutes are 
allowed to elapse at which time the animal is 
sacrificed m any desired fashion, the abdomen 
opened and the portal vein exposed An 
18-gauge needle with attached SO-cc syringe 
is inserted into the portal vein with the point 
of the needle directed towards the liver The 
heparinized blood in the portal vein is aspirated 
while the syringe and needle are rotated to 
direct the bevel of the needle toward the worms 
which will be seen flowing into the syringe 
with the blood About IS to 20 cc can thus 
be aspirated before the portal vein collapses 


* The authors wish to express their gratitude to 
Dr P Morales Otero, Diiector, and to Di Jose 
Oliver Gonzalez of the School of Tropical Medicine 
for their advice and encouragement during this 
work 


An additional 10 to IS cc of blood can be 
aspirated by exerting a gentle squeezing pres- 
sure on the lobes of the liver— -this will force 
more blood into the portal vein, and the liver 
will be seen to blanch slightly The syringe 
is disconnected from the needle and put aside 
without fear of the blood clotting A clean 
dry syringe may be attached to the needle 
and additional aspirations carried out in the 
manner described 

If it is desired to keep the worms alive, the 
aspirated blood is poured into a solution of 
0 5% saponin in physiological salt solution 
(0 85%) — this will lake the blood cells but 
have no apparent effect on the worms If it 
is not necessary to keep the worms alive, the 
aspirated blood is poured into a large volume 
of tap water — this will lake the blood cells, 
and the dead worms will sink to the bottom 
of the vessel 

When no further aspirations can be done 
the needle is removed from the portal vein 
The liver is removed as a unit by cutting and 
clamping the hepatic vein, portal vein, sur- 
rounding ligaments and adhesions and kept in 
saline for further recovery of worms It is 
then placed on a dissecting board and the thin 
lips of the various liver Jobes are cut off about 
y A mch from their edges Using a 50-cc 
syringe, physiological saline is perfused 
through the liver by injecting the hepatic vein 
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Additional worms w ill be seen in the perfusate 
exiting from the cut edges of the liver and 
from the portal vein When no further hepatic 
vein perfusion yields any worms, the liver is 
divided into its separate lobes and these cut 
into smaller pieces about 3 to 4 inches square 
The larger portal radicals may be perfused 
and additional norms obtained By a gentle 
squeezing and shaking motion of the pieces of 
liver additional w orms can be recovered (The 
intact liver may be kept in saline overnight 
safely and the above procedure carried out 


with the same results as with livers done 
shortly after removal from the animal’s body ) 
The mesentery of the large and small bowel 
is stripped from its attachments, cut into small 
pieces and placed in saline This is allowed 
to stand at ice-box temperature overnight, at 
which time all the worms remaining in the 
mesenteric venous s\ stem will have escaped 
and seen lying on the bottom of the container 
Experiments are being carried on to deter- 
mine fully the advantages of this method over 
other methods described 
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Subtilin — Antibiotic Produced by Bacillus subtilis* II Toxicity of 
Subtilin to Living Embryonic Tissue , 

A J Salle and Gregory J Jann 

From the Department of Bacteriology, University of California, Los Angeles 


In a previous communication 1 it was shown 
that subtilin, an extract prepared from Bacillus 
subtihs, was antagonistic chiefly against 
Gram-positive bacteria Tw'o notable excep- 
tions were Neisseria catarrhahs and N gonor- 
ihoeae, both Gram-negative but also antag- 
onized by subtilin Acid-fast organisms, 
including Mycobacterium tuberculosis, and a 
number of pathogenic higher fungi were also 
found to be susceptible to the antibiotic The 
agent produced a bacteriostatic action in high 
dilution and a germicidal effect in greater con- 
centration 

The present communication is concerned 
wuth the toxicity of subtilin to living embry- 
onic chick heart tissue fragments cultivated in 
vitro The procedures followed in performing 
the tests w ere the same as those previously re- 
ported 2 3 

Experimental The highest dilution of sub- 
tilin that killed embryonic chick heart tissue 
fragments m 10 minutes at 37 °C was found 

4 This linestigihon i\ is tided bj t grant from 
Lh Lilh and Compim, Indianapolis, Iud 

t The subtilin prep iration used in these expen 
mints w is kmdh supplied by the Western Eegional 
Research Labor itor>, Albany, Calif 

1 ^alle, A J , and J inn, Gregory , J , Proc Soc 


to be 1 500 (Fig 1) The highest dilution of 
subtilin that killed Staphylococcus aureus 
(FDA strain) under the same conditions 
was 1 9750 (Table I) From these results 
a toxicity index may be calculated 

The toxicity index may be defined as the 
ratio of the highest dilution of subtilin killing 
embryonic chick heart tissue after an ex- 
posure period of 10 minutes at 37°C to the 
highest dilution killing Staphylococcus aureus 
under the same conditions The results give 
a toxicity index of 500/9750 = 0 05 (Table 
II) Under the conditions of the test, subtilin 
was found to be 20 times more toxic to 
Staphylococcus aweus than to embryonic 
chick heart tissue, a remarkably low figure 
Theoretically, the smaller the toxicity index 
the more nearly perfect the germicide 

Umtagc The methods used for expressing 
the potencies of the various antibiotics are, in 
general, quite complicated and confusing In 
order to simplify the method of designating 

Exp Biol \vd Med , 1945, GO, GO 

- S ille, A J, Mi. Dime, W A, Slieelinuistcr, 
I L , mil Foord, D C , Pkoc ^oc Exp Biol \nd 
Med 1948, 37, G94 

a S ille, A J MtOmic, W A , Sliechmeister 
I L 111(1 Foord DC , J Bad , 1939, 37, 039 
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found (Fig 3) The vacuoles have the ten- 
dency to aggregate and seem to push the 
spermatozoa away from the tubule wall Three 
hours after the injection almost all mature 
spermatozoa have been released Most of the 
Sertoli cells appear enormously vacuolized and 
with the apical border completely irregular, 
due to the rupture of some vacuoles (Fig 4) 
During this process of vacuolization, the 


Golgi apparatus appears fragmented and situ- 
ated close to the vacuoles 
The observations recorded here show that 
possibly the release of the spermatozoa of the 
toad, under the influence of the pituitary 
gland, is due to the intense changes produced 
in the Sertoli cells, which lead to the rupture 
and disintegration of the apical part of their 
cytoplasm 
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A Method for Removal of Adult S mansont from Experimentally 

Infected Rabbits 

J Leonard Brandt and E P Finch (Introduced by J Oliver Gonzalez ) 
From the Department of Medical Zoology, School of Tropical Medicine ,* San Juan, Puerto Pico 


Herein is described a method for the re- 
moval of adult S mansont worms from experi- 
mentally infected rabbits The method has 
been used with good results in rabbits although 
there is no apparent reason why it could not 
be applied to other experimental animals sus- 
ceptible to schistosomiasis 

The animal is tied to a board and a large 
dose (100 mg) of Heparin (Abbott — 10 mg 
per cc) m 30 to 40 cc of physiological saline 
is injected very slowly into the heart or intra- 
venously Between IS to 30 minutes are 
allowed to elapse at which time the animal is 
sacrificed in any desired fashion, the abdomen 
opened and the portal vein exposed An 
18-gauge needle with attached 50-cc syringe 
is inserted into the portal vein with the point 
of the needle directed towards the liver The 
heparinized blood in the portal vein is aspirated 
while the syringe and needle are rotated to 
direct the bevel of the needle toward the worms 
which will be seen flowing into the syringe 
with the blood About IS to 20 cc can thus 
be aspirated before the porta] vein collapses 


* The authors wish to express their giatitude to 
Pr P Monies Otero, Dneetor, and to Di Jose 
Olivei Gonzalez of the School of Tropical Medicine 
for their advice and encouragement during this 
work 


An additional 10 to IS cc of blood can be 
aspirated by exerting a gentle squeezing pres- 
sure on the lobes of the liver — this will force 
more blood into the portal vein, and the liver 
will be seen to blanch slightly The syringe 
is disconnected from the needle and put aside 
without fear of the blood dotting A clean 
dry syringe may be attached to the needle 
and additional aspirations carried out m the 
manner described 

If it is desired to keep the worms alive, the 
aspirated blood is poured into a solution of 
0 5% saponin in physiological salt solution 
(0 85%) — this will lake the blood cells but 
have no apparent effect on the worms If it 
is not necessary to keep the worms alive, the 
aspirated blood is poured into a large volume 
of tap water — this will lake the blood cells, 
and the dead worms will sink to the bottom 
of the vessel 

When no further aspirations can be done 
the needle is removed from the portal vein 
The liver is removed as a unit by cutting and 
clamping the hepatic vein, portal vein, sur- 
rounding ligaments and adhesions and kept in 
saline for further recovery of worms It is 
then placed on a dissecting board and the thin 
lips of the various liver lobes are cut off about 
J4 inch from their edges Using a 50-cc 
syringe, physiological saline is perfused 
through the liver by injecting the hepatic vein 
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Amyloidosis in Hamsters with Leishmaniasis 51 
Alfred Gellhorn, H B van Dyke, W J Pyles, and N A Tupikova 

Fiom the Department 5 of Plmmacologii and Pathology, College of Physicians and Surgeon s, 

Columbia University, X T 


During the course of an investigation of 
chemotherapeutic agents in experimental 
leishmaniasis, the development of anasarca m 
infected animals was first noted by R 0 Greep 
In the early stages of the experimental pro- 
gram in the Squibb Institute in New Bruns- 
wick, New Jersey Later, routine histopatho- 
logical examination as well as chemical inves- 
tigation of the blood revealed the widespread 
presence of amyloid deposits and a reversal of 
the albumin-globulin ratio of the plasma pro- 
teins In human kala azar, the presence of 
generalized edema is not infrequent and the 
alteration of the serum albumin-globulm ratio 
is characteristic, however, neither in clinical 
nor in experimental leishmaniasis have we 
been able to find a report of amyloidosis 1 
Nevertheless, it seems likely that the hamsters 
described in the note just published by Good- 
win- suffered from amyloidosis In his ani- 
mals, as in ours, infection by Letshmama 
might be followed by edema, nephritis, pro- 
teinuria, and depression of the level ot plasma 
proteins The present investigation was under- 
taken to correlate the development of amyl- 
oidosis and the changes m the distribution of 
proteins in the plasma during the progress of 
leishmaniasis in hamsters From the experi- 
mental results it was hoped that answers to 
two questions would emerge (1) What is 
•the temporal relationship between the deposi- 
tion of amyloid and the alteration of the 
plasma protein concentration, and (2) Altera- 
tions in which organ, the liver or the kidney, 
are chiefly responsible for the reduction of 

* Tins ttoit Ins been c irneil out umlcr contract, 
lecommended b) the Committee on Medics 1 Re 
search, between the Office of Scientific Reseirch 
and De\eloj>ment md Columbia TJnuersitj 

i Stitt '-s Diagnosis, Pi etenfton, and Treatment of 
Tropical Discuses edited bj R P Strong, Plula 
delphi i 1043 

- Goodwin, L 0, 'inline, 3 04 150, 47G 


the plasma albumin? 

Materials and Methods A single large 
group of hamsters ( Cncetulus auratus), six 
weeks old, served as the experimental animals 
They were maintained on pellets of Rockland 
rat diet (“D” free) supplemented with lettuce, 
carrots, and whole wheat bread The animals 
were divided into two groups at random and 
at the beginning of the experiment the animals 
of one group were inoculated intraperitoneally 
with 20 mg of spleen in a saline emulsion 
which was obtained from 2 hamsters heavily 
infected with L donovam (Khartoum strain ) 
The other group served as the uninfected con- 
trol At approximately two-week intervals, 
5 representatives each from the control and 
the infected groups were placed in individual 
metabolism cages and the urine was collected 
for 24 hours 

Immediately after the termination of the 
urine collection, the animals were anesthetized 
with mtraperitoneal evipal sodium ( 140 mg Ag 
body weight) and heparinized blood samples 
were obtained by heart puncture The animals 
were then sacrificed, the tissues removed for 
histological examination were fixed either in 
Zenker’s solution without acetic acid or in 
Vandegrift’s dehydrating fixative 

Owing to the small size of the plasma sample 
for the determination of non-protein nitrogen, 
it was necessary to determine this nitrogen 
fraction by a Nessler procedure which was 
adopted for all nitrogen determinations The 
solutions of protein or non-protein nitrogen 
were first digested in Pyrex Nessler tubes" in 
the presence of 1 ml of 19 N sulfuric acid, 
oxidation was completed by a drop or two of 
30% hydrogen peroxide The digested ma- 
terial was diluted with water to 35 ml and 15 
ml of Nessler’s reagent made according to the 
directions of Folm" 5 were added The final 

• i aim, O, Laboratou) Manual of Biological 
( h> miidi/ Xtu York, 1034 
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Fig 1 

Left, fragment of cluck heait tissue exposed to a subletlnl concentration of subtilin Note 
new growth of fibroblasts Eight, fragment exposed to a lethal concentration of subtilin 


TABLE I 

Killing Dilutions of Subtilin foi Chick Heart 
Tissue Fngments and Staphylococcus aureus 


Tissue fi agments 

Staphylococcus aureus 

Dilution 

Grow th 

r 

Dilution 

Growth 

1 100 

— 

1 9000 

— 

1 200 

— 

1 9250 

— 

1 300 

— 

1 9500 

— 

1 400 

— 

1 9750 

— 

1 500 

— 

1 10,000 

+ 

1 600 

+ 

1 10 250 

+ 

1 700 

+ 

1 10,500 

+ 

1 800 

+ 

1 10,750 

4 - 

Control 

+ 

Control 

+ 


TABLE II 

Toxicitj Index of Subti'm 
Killing dilution 

/ * 

Tissue Staphylococcus am cus Toxicitx index 
(A) (B) \/D 

1 500 1 9'50 0 05 


the strength of subtilin as much as possible, 
a unit is defined as that amount 'present in 
1 cc of the highest dilution (expressed in mg) 
capable of ki’lmg Staphylococcus aw cus m 10 
minutes as 37°C (FD 'V phenol coefficient 
method) For example, 5 cc of a 1 97S0 
dilution of the preparation used, when mixed 
with 0 5 cc of a nutrient broth culture of 


Staphylococcus aureus, completely destroyed 
all organisms m 10 minutes at 37°C One 
cc of this dilution contains approximately 0 1 
mg of this preparation of subtilin Therefore, 
0 1 mg contains 1 unit of subtilin The weight 
of subtilin containing 1 unit will vary depend- 
ing upon the purity of the product 

The 24-hour culture of Staphylococcus 
aureus was standardized m a photoelectric 
colorimeter to contain the same density as a 
No 7 McFarland Nephelometer Standard 
Summary Subtilin, an antibiotic extracted 
from Bacillus snbtihs, was found to be antag- 
onistic chiefly against Gram-positive organ- 
isms, including Mycobactei mm tubeiculosis 
and other acid-fast bacteria Two notable 
exceptions were Neisseria catarrhalis and N 
gonorrhoeae, both Gram-negative but also 
antagonized by subtilin The antibiotic show’ed 
an extremely low toxicity for embryonic chick 
heart tissue fragments cultivated in vitio 
Under the conditions of the test subtilin was 
approximately 20 times more toxic to Staphyl- 
ococcus aniens than to chick heart tissue, a 
remarkably low T tissue toxicity A unit of sub- 
tilm is defined as the amount contained m 
I cc of the highest dilution capable of killing 
Staphylococcus aureus m 10 minutes at 37°C 
(F D A phenol coefficient method) 



Fig 2 

Kidner of liamstn uith unjloidosis 77 dais nftei inoculation 
of L donovani Note i \tonsi\ e 1 cpl icomcnt of glomeiuli In 
mijloid deposited betuecn endothelium and epithelium The 
tubulai casts arc also tapical Amjloid deposited about the 
tubules ind extending into the mtei stitial tissue is an infrequent 
finding illustiated m this section Hem itovi lin and cosin x 275 


kidneys was deposited in the glomeruli and 
appeared to replace three-fourths or more of 
this structure in the late stages of the disease 
(Leishmama were rarely found in the kidney ) 
The glomerular amyloid accumulated between 


the capillary endothelium and the capillary 
basement membrane, it was never found ex- 
ternal to the latter Trivial deposits of amy- 
loid were observed between the epithelium and 
the basement membrane of the tubular epithe- 
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estimates were made in a Beckman photo- 
electric spectrophotometer at a wave length 
of 400 m fJL The useful range of amounts of 
nitrogen per sample was about 0 02 to 0 IS 
mg The blank solution was similarly made 
from reagents alone, with known amounts of 
nitrogen added as a solution of pure 
(NHj^SOj, there was a straight-line relation- 
ship between optical density and nitrogen- 
concentration The method of Hone 4 was 
employed to separate plasma globulin and 
thus to determine the concentration of albumin 
and globulin in plasma The non-protein 
nitrogen of urine and plasma was estimated m 
filtrates containing, after suitable dilution 
with water, 5% trichloroacetic acid The his- 
tological examinations were made independent- 
ly by one of us (WJP) and it was not until the 
experiment uas completed that the results of 
the pathological examination and the chemical 
changes in the blood were compared Paraffin 
sections of the tissues were made and stained 
with hematoxylin and eosm, Giemsa’s stam, or 
Congo Red which was sometimes combined 
with Wilder’s reticulum stam 

Results The principal gross pathological 
findings in infected hamsters were splenomega- 
ly, enlarged lymph nodes, pale kidneys and 
anasarca The gross renal change and the 
anasarca were not evident until 46-60 days 
after inoculation There were no significant 
gross changes in the tissues of the normal con- 
trols The microscopic alterations owing to 
leishmaniasis conformed to the description of 
other authors with the exception of the pres- 
ence of amyloidosis which was found m all 
hamsters which had been inoculated with L 
donovam at least 46 days previously Small 
amyloid deposits Mere found m 3 of the 21 
control animals, the quantities present were 
minimal 

The incidence of the amyloidosis is sum- 
marized with the other data in Table I Amy- 
loid was deposited chiefly m the renal 
glomeruli, the adrenal cortex, the spleen and 
the liver Its appearance and distribution 
were characteristic of “secondary” amyloido- 
sis of man and animals No intracellular 
amyloid was identified The amyloid of the 
4 Hone, P L , J Si nl C/um , 1921, 49, 93 
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continues precipitously In the next interval 
of 17 days there is no further change m the 
plasma albumin concentration of the infected 
animals During the entire time when the 
striking fall in plasma albumin concentration 
is occurring, there is no significant deviation of 
the plasma globulin level in the infected ani- 
mals as compared with the normal group 
Amyloidosis is maximal at the 60th day and 
the distribution of amyloid is at all times 
more widespread in the kidney (glomeruli) 
than m the liver The presence of edema is 
correlated with the hypoalbummemia as one 
would expect 

The plasma non-protein nitrogen concentra- 
tion in the infected animals was not signi- 
ficantly different from the control in all the 
experiments except at 60 days In this ex- 
periment the non-protein nitrogen concentra- 
tion of the infected group was clearly above 
the level in the control animals 

Fig 3 presents the results of the plasma 
protein studies graphically, and, in addition, 
summarizes the quantitative estimation of 
proteinuria It can be seen that at no time 
did the control groups show any protein in 
the urine In the infected animals, proteinuria 
made its first appearance after 46 days, when 
the first observation of hypoalbummemia was 
made Proteinuria was always observed sub- 
sequently The available evidence suggests 
that the urinary protein was albumin, none 
could be precipitated in the presence of 1 S M 
sodium sulfate 

Discussion In another series of hamsters 
attempts to inoculate one strain of L infantum 
by intraperitoneally-injected splenic emulsion 
did not produce infection or recognizable 
edema within the following 6-8 weeks For 
this reason, normal spleen was not admin- 
istered mtraperitoneally to the control ani- 
mals 

In all the experiments, the percentage of 
globulin in the plasma of the infected animals 
was higher than that of the normals, how- 
ever, no statistical significance can be at- 
tached to these differences (Because of the 
high percentage of globulin in the plasma of 
the infected hamsters of the first experiment, 
the A/G ratio was reduced ) There can be 
no doubt that in hamsters infected with 


Letshmama donovant 46 days or longer, there 
was a significant fall in the plasma albumin 
and m the A/G ratio in comparison with 
corresponding control animals The highest 
probability that such a change could occur 
by chance was less than 0 01 (comparison 
of albumin-concentrations of experiment 3 ) 
In all other comparisons of plasma albumin 
percentage in plasma or of the A/G ratio, 
the probability of chance occurrence was 
even lower — especially in the last 2 experi- 
ments Albuminuria m the infected hamsters 
was first detected 46 days after infection 
when a significant lowering of plasma albumin 
was also first observed The small amount 
of albumin excreted m the urine 60 days 
after infection is to be explained by the small 
quantity of urine excreted owing to exces- 
sively hot weather All the protein in the 
urine may have been albumin since no globu- 
lin could be precipitated by warm sodium 
sulfate solution according to Howe’s plasma 
method, however, no dogmatic statement in 
this regard can be made since the experimental 
conditions are seriously altered when urine 
instead of plasma is the protein solvent and 
the concentration of protein present is differ- 
ent from that of plasma 

The animals infected 46 days or longer, in 
contrast with the controls, had hypoal- 
bummemia, proteinuria, edema (characterized 
by anasarca in the last 2 experiments) and 
deposits of amyloid in the kidneys, adrenal 
cortex, spleen and liver These changes oc- 
curred 46 days after infection It is con- 
cluded that the primary change, amyloid 
deposition in the renal glomeruli followed later 
by a similar but slight change in the tubules, 
led to excessive loss of albumin m the urine 
with an associated reduction of plasma al- 
bumin concentration and lowering of the col- 
loid osmotic pressure of plasma so that ex- 
cessive amounts of fluid escaped into the tis- 
sues It is not believed that failure of the 
synthesis of plasma albumin was responsible 
to any important extent for the lowering of 
the percentage of this protein m the plasma 
Summary Forty-six days after successful 
inoculation of L donovant into hamsters, 
there appeared edema associated with amy- 
loidosis There was marked anasarca at 60 
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Plasma Globulin 
Plasma Albumin 
Protein in Urine 
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□ □ 




0 20 



77 


Days After Inoculation 

Fig 3 

The concentration of plasma proteins in normal and infected hamstcis Also shown is the 
total uiinari protein excretion m infected Inmsteis 


lium Hyaline droplets or casts could be found 
in the tubules of the kidneys with severe amy- 
loidosis (Fig 1 and 2 ) In the cortex of 
the adrenals there was likewise bilateral de- 
position of amyloid which m some cases re- 
placed more than half of the normal tissue 
The early deposits in the adrenal cortex were 
clearly between the capillary endothelium and 
the basement membrane The amyloid of the 
spleen was deposited about the widely separat- 
ed malpighian corpuscles and, to a less extent, 
in the ring of pulp surrounding the spherical 
masses of phagocytic cells containing parasites 
In the liver, amyloid was first found beneath 
the endothelium of the hepatic and portal veins 
from which it occasionally spread into the 
parenchyma Deposits sometimes occurred 
around parasite-filled phagocytic cells The 
amounts of amjloid in spleen and liver were 
always small 


Table 1 also presents the quantitative data 
on the plasma albumin and globulin and the 
A/G ratio at intervals after the inoculation of 
the animals The standard deviations are also 
tabulated to indicate the range of the observa- 
tions and their distribution about the mean 
It is to be noted that 46 days after the infec- 
tion there is a significant decrease m the plas- 
ma albumin concentration of the infected ani- 
mals as compared with the controls The 
globulin concentration is not demonstrably dif- 
ferent m the two groups and as a result the 
4/G ratio is significantly lower in the infected 
animals It is also to be noted that at this 
time the deposition of significant amounts of 
amyloid makes its first appearance and that 
it is found to be most abundant in the glom- 
eruli of the kidney Between the 46th daj 
and the 60th day the decrease in plasma al- 
bumin concentration m the infected animals 
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Precipitin Reactions of Listeria monocytogenes 

and 77 days after infection with extensive which coincided with the edema and a pro- 
deposition of amyloid in the glomeruli and teinuria, is believed to have been caused by 
the adrenal cortex The hypoalbuminemia, the impairment of glomerular function 
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Occurrence of Two Immunological Groups Within the Genus Listeria 
Studies Based upon Precipitation Reactions 

Ruth M Drew (Introduced by J H Mueller ) 

From the Department of Bacteriology and Immunology, Hariaul Medical School anil School of 

Public Health, Boston, Mass 


Thus far, attempts to establish the serologi- 
cal reactions and antigenic structure of micro- 
organisms of the genus Listeria have been 
based upon agglutination and agglutinin ab- 
sorption studies Paterson 1 concluded that 
the antigenic structure permitted division of 
the genus into 4 types He stated, “the bac- 
teriological types do not bear any relation to 
the zoological species of the host or to the 
geographical distribution of the places of 
isolation ” Schultz, Terry, Brice and Geb- 
hardt 2 on the other hand found that among 
11 different strains of Listcua monocytogenes 
only 2 serological groups occurred The 
strains were derived from various animal 
sources, including man On the basis of the 
agglutination reaction Julianelle and Pons 5 
divided 8 strains into 2 types which they 
designated Type I and Type II Tj'pe I 
represented strains isolated from rodent ani- 
mals and Type II from ruminants Strains 
isolated from the disease in man fell into one 
or the other of the types Julianelle 4 later 
observed that filtrates from broth cultures 
gave a precipitate only with their type specific 
immune sera The precipitate was suggestive 
of that seen in the precipitation of specific 
polysaccharides in the presence of immune 
serum The purpose of this paper is to de- 
scribe the precipitation reactions of 16 strains 

1 Paterson, J S , J Path and Bad , 1940, 51, 
424 

2 Seliultz, E W, Tern, M C , Brice, A T, Jr, 
■md Geblnrdt, L P , Proc Soc Exp Biol ai>d 
JIed , 193S 38, 005 

3 Julnnelle, L A, nnd Pons C A, Pkoc Soc 
Exp Biol am> Med , 1939, 40, 304 

4 Julnnelle, LA,/ Bad , 1941 42, 367 


of Listeria monocytogenes 

Material and Methods The precipitinogen 
was a polysaccharide extracted from the bac- 
terial cell according to the method of Fuller 6 
Chemically, the carbohydrate fractions were 
characterized by strongly positive Molisch 
reactions, and Fehlmg’s solution was not re 
duced The biuret and ninhydrm reactions 
were negative For the preparation of poly- 
saccharide and the immunization of rabbits 
bacteria m the smooth phase were selected 
All cultures were grown in tryptic digest broth 
containing 0 1% dextrose and incubated 18 
hours at room temperature (25-30° C) 
Vaccines were prepared from broth cul- 
tures, which were centrifuged and the bac- 
terial sediment resuspended m normal salt 
solution containing 0 2% formalin The vac- 
cine was injected intravenously into adult rab- 
bits until the precipitin titer of the serum was 
sufficient to give a marked, compact-disc pre- 
cipitate in the presence of the specific car- 
bohydrate within a period of 15 minutes at 
room temperature The animals were then 
bled to death from the heart Two rabbits 
were immunized against each strain and the 
sera from the final bleedings pooled Con- 
trol sera w r ere taken from all rabbits be- 
fore the administration of vaccine and tested 
for the presence of precipitms to the carbo- 
hydrate of that strain of organism to be used 
for the production of immune serum In no 
instance were normal precipitms demonstrated 
Precipitation as determined by the ring 
test using equal amounts of carbohydrate and 
immune serum was indicative, however, it 

' Fuller, A T , Brit J Exp Path , 193S, 40, 130 
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seemed advisable in this case to use tubes 
containing 3 dilutions of the specific soluble 
substance Subsequently , precipitation tests 
were carried out in 10mm x 100mm tubes 
using 0 4 cc, 0 1 cc, and 0 02 cc amounts of 
specific soluble substance for each strain of 
L monocytogenes Sufficient normal salt so- 
lution was added to the tubes containing 0 1 cc 
and 0 02 cc to bring the final volume in the 
tube to 0 4 cc The carbohydrate dilution in 
each tube was then layered with 0 2 cc of 
immune serum and the tubes allowed to stand 
at room temperature for 30 minutes At the 
end of this time the presence or absence of 
ring formation was noted The tubes were 
shaken gently" and then incubated for 2 hours 
in a water bath at 37° C Final readings were 
taken after storage in the refrigerator over- 
night at 10 = C and recorded as -f, -} — f- 
-j — j — and — | — | — f- In the case of the 

-p-f-r and -j—* — { — {- reactions the ring tests 
were definite at the end of 30 minutes and 
usually" the precipitate was visible within 10 
minutes after adding the serum 

Results Table I gi\es the results of the 
precipitation reactions among 16 strains of 
Listeria monocytogenes studied On the ba- 
sis of the precipitation of the carbohy'drates 
m antibacterial sera the strains fell into 2 
rather distinct immunological groups, a rodent 
group and a ruminant group The existence 
of 2 immunological groups has been suggested 
previously" by' the agglutination reactions Of 
the strains used in this study the “Virginia 
is possibly the most recent, having been isolat- 
ed in 1944 from the brain at necropsy of a 
case of encephalitis occurring in a cow It 
was readily identified with the ruminant 
group by means of the precipitin test From 
the table it may be seen that the antibacterial 
sera of strains S-l and H-14 show some cross 
precipitation with the carbohy'drates of the 
rodent group, but the reactions do not appear 
marked and are not regarded as significant 
Antibacterial serum against the Xy feldt strain 
precipitated the carbohydrates of the rodent 
group however, the Xyfeldt carbohydrate, al- 
though reacting with its homologous immune 
serum, failed to precipitate with the antibac- 
terial sera prepared against the rodent strains 
This phenomenon remained unexplained 


Polysaccharides prepared from 8 unrelated spe- 
cies of bacteria failed, in all but two instances, 
to precipitate with antibacterial sera of Lis- 
teria monocytogenes Xyfeldt and Gibson 
antisera precipitated the carbohydrate of 
hemolytic Staphylococcus aureus The car- 
bohy drates of Listeria monocytogenes did not 
precipitate m antistreptococcal antityphoid, 
and antidysentery" (Flexner) sera It is of 
interest that among the strams from human 
infections a few are identified as belonging 
to the rodent group while others fall into the 
ruminant group 

Discussion The origin of human infections 
has remained an enigma however, it seems 
entirely possible that they may' be derived 
from some animal source Carey® considered 
this possibility" in dealing with a case of acute 
cerebrospinal meningitis caused by" L mono- 
cytogenes As far as could be determined, m 
this particular case, the child had had no 
known contact with rabbits or other animals 
It is interesting to speculate that further clas- 
sification of human infection might follow if 
the specific soluble substance w ere to be dem- 
onstrated in the cerebrospinal fluid from cases 
of Listeria meningitis and encephalitis Direct 
precipitation of the soluble substance from the 
spinal fluid in the presence of specific im- 
mune serum might readily occur It is sug- 
gested that such a procedure if established 
would possibly prove to be of diagnostic value 

Summarv Polysaccharides have been iso- 
lated from Listeria monocytogenes which pre- 
cipitate m the presence of their specific im- 
mune sera The immunological studies pre- 
sented indicate the existence of 2 distinct 
animal groups, namely' a rodent group and a 
ruminant group, thus corroborating the clas- 
sification suggested by Schultz- 1 and 
Julianelle " The precipitin test afiords a sim- 
plified technic for the identification and im- 
munological differentiation of the members of 
the genus Listeria 

•' Caro, B \V , fr , J Puhal 1936, 8, 6’6 

1 wish to thank Drs E \V Schultz and M L 
Rohbms for the strains of L monocytogenes which 
thej so hindlv made at nlable Also Dr R P 
H itcli for the strain which wis isol ited in Virginia 
m 1944 and which for coniemtncc h is been referred 
to is the Virgim i strain 
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TABLE I 



Showing Loss of Weight of Tibnlis Muscle in 

Arthritis 



Wt in g 



Dijs of 






' ” A 


Animal Xo 

aithritis 

X 

A 

% difference 

1 

4 

4 930 

4,620 

— 6 5 

O 

4 

2,600 

2,300 

—11 

3 

4 

3,200 

3,120 

— 25 

4 

5 

750 

560 

—25 3 

5 

5 

4,975 

4,625 

— 7 


A\g 4 4 



—10 4 ± 3 1 

G 

G 

3,400 

2,800 

—17 

7 

G 

2,620 

2,370 

— 9 


” G 



—13 ± 4 

S 

7 

3,470 

3,170 

— 8 

0 

7 

3,080 

2,435 

—19 

10 

7 

4 620 

3,550 

—23 


" 7 



—16 6 ± 4 46 

11 

8 

4 690 

3,980 

—14 

12 

8 

2,700 

2,200 

—18 

13 

8 

2,910 

2,350 

—19 2 

14 

8 

3,060 

2,570 

—16 


” 8 



— 16 8 ± 0 37 

n 

9 

4,320 

3,600 

—15 

in 

9 

1,380 

1,130 

—181 

17 

9 

2,080 

1,770 

—14 9 


” 9 



—10 ± 1 

18 

10 

3,750 

2,520 

—32 

19 

10 

2 970 

2,570 

—13 

20 

10 

880 

810 

— 8 

21 

10 

3,600 

2,750 

2,550 

—23 

22 

11 

3,700 

—31 

23 

11 

3,190 

2,200 

—31 

24 

11 

4,190 

3,280 

—21 


” 10 4 



—22 7 ± 3 58 

25 

13 

2,220 

1,330 

—40 

26 

27 

13 

14 

4,310 

3,100 

4,070 

1,780 

— 5 5 
— 43 

28 

14 

4,500 

2,340 

—48 


” 13 5 



—34 1 ± 9 55 

29 

1G 

4, GOO 

3,800 

—17 

30 

17 

2,640 

1,470 

—44 


” 16 o 



—30 5 ± 13 52 

N — Xorrml 


A — Arthritis 


several controls with muscles desiccated in the 
oven, at 105 °C for 24 hours, to eliminate the 
excess of water 

Results A Weight oj Muscles in Arthritis 


The results of the 30 experiments in this 
series given in Tables I and II, show that the 
percentage loss of weight of the tibialis anticus 
and the soleus is similar and varies with the 
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Changes in Weight of Muscles of Arthritic and Immobilized Arthritic 

Joints “ 

P Thomsen, J V Luco, and J E Frugone 
From the Department of Fharmacology and Biochemistry, Catholic University of Chile 


We have previously studied the synaptic 
mechanism m muscles of inflamed joints 
(Frugone, Thomsen, and Luco 1 ) In view of 
the results reported by Thomsen and Luco, 2 
we thought it would be interesting to study the 
changes in weight of such muscles, and the 
possibility of modifying the weight through 
immobilization in different positions 
Methods Cats were used Immobilization 
was carried out under ether or sodium pento- 
barbital (Nembutal Abbott) anesthesia, using 
bandages impregnated with plaster directly on 
the skin, extending from the metatarsal region 


to just below the knee The arthritis was pro- 
duced by injecting 0 1 cc of a 5-10% solution 
of silver nitrate into the articular cavity of 
the tibia-tarsal joint The cast was applied 
immediately after the injection of the silver 
nitrate We immobilized in the extreme posi- 
tions of extension and flexion, that is, in posi- 
tions of forced hyperextension and hyper- 
flexion held by the cast The soleus and 
tibialis anticus muscles were weighed 2 5 to 
16 days later, immediately after extirpation 
A.s some of the animals developed marked 
edema of the immobilized extremity, we ran 



Fig X 

Changes of rr eight of the tibialis anticus m 
arthritis, artlmtis with immobilization m hypei 
flexion, and arthritis ruth immobilization m liyper 
extension The curies represent the plotted arei 
age values of Tables I, III, and V respectively 


* Aided by a grant from the National Founda 
bon for Infantile Paralysis 

l Frugone, J E , Thomsen, P , and Luco, J V , 



Changes of weight of the soleus m arthritis, 
arthritis ruth immobilization in hyperflexion, and 
arthritis ruth immobilization m hyperextension 
The cuives represent the plotted average values of 
Tables II, IV, and VI respectively 

in press 

2 Thomsen, P , and Luco, J V , J K euro physiol , 
1944, 7, 245 
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TABLE HI 


Tibialis m Arthritis with Bypeifleuon 


Wt m g 

Animal Lays of , ~i 

No arthritis N AI 


61 


25 

1,950 

1,890 

62 


25 

3,440 

3,460 

63 


25 

2,100 

2,150 

61 


2 5 

2,470 

2,480 

65 


25 

1,150 

1,080 


Aig 

2 5 



66 


4 

3,470 

3,370 

67 


5 

3,410 

3,320 

68 


5 

3,290 

3,310 

69 


5 

4,970 

4,320 

70 


5 

4,460 

4 000 

71 


5 

3,300 

3,300 


3 3 

48 



72 


6 

4,820 

4,930 

73 


6 

2,270 

2,080 

71 


0 

5,470 

4,760 

75 


6 

4,120 

4,280 

76 


6 

5 550 

3,570 

77 


7 

3,370 

2,870 

78 


7 

2,376 

2,570 

79 


7 

2,030 

2,210 

80 


8 

3,530 

3,5,50 


3 3 

6 5 



81 


9 

6,000 

5,600 

82 


9 

1,970 

1.780 


3 3 

9 



83 


11 

3,330 

3 600 

84 


11 

3 870 

2,840 

85 


11 

3,900 

3,000 

86 


11 

2,950 

2,640 


3 1 

11 



87 


14 

3,660 

3,200 

88 


14 

3,520 

2,170 


3 3 

14 




IV t. of desic muscles 


% 

f 

A 

% 

difference 

N 

AI 

difference 

— 3 
+ 03 

940 

890 

— 53 

+ 23 

560 

560 

0 

+ 04 

685 

700 

— 21 

— 6 

350 

325 

— 71 

— 1 1 ± 1 15 



— 2 8 
— 2 6 
+ 06 
—131 
—101 

860 

850 

— 1 1 

0 




— 46±2 

22 



+ 27 
— 84 
—14 8 

1,150 

1,120 

— 20 

+ 3S 

1,130 

1,160 

+ 20 

+ 03 
— 15 

1430 

1,420 

— 0 7 

+11 9 
+ 87 
+ 05 

— 1 3 ± 3 

1,040 

940 

— 96 

— 66 
—10 




— 8 3 ± 1 58 



+ 69 
—26 8 
—23 
—10 

700 

610 

—12 8 

—13 7 ± 7 

61 



—12 2 

990 

770 

—22 2 

—35 3 

950 

586 

— 49 9 

—23 7 rs 11 6 




N — Normal 

AI — Arthritis rutli immobilization m hr perflexion 


Immobilized in Hyper extension The results 
in the 30 animals studied are shown in Tables 
V and VI, and Fig 1 and 2 The soleus under- 
goes more atrophy than m the case of pure 
arthritis The tibialis anticus shows an 
increase in weight that is evident both m the 
fresh and desiccated muscles The figures for 
desiccated muscles are lower but tend to par- 
allel those for fresh muscles 

Discussion The loss of weight caused in 


the soleus and the tibialis anticus by an arthri- 
tis of the tibio-tarsal joint is very similar to 
that described by Lippman and Sell g 3 The 
curve obtained by those authors m a series of 
40 animals, by plotting the loss of weight 
against the duration (m days) of arthritis, 
practically coincides with the curve that we 


3 Lippman, E K , and Seliz, S, Surg Gyn 
Obit , 1028, 47, 512 
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TABLE II 


Showing Loss of Weight m Soleus Muscle in Arthritis 


Animal No 

Daj s of 
arthritis 

Wt in g 

% difference 

N 

A 

1 

4 

2,970 

1,800 

—10 

2 

4 

1,430 

1,200 

—17 

3 

4 

1,850 

1,620 

—12 


Avg 4 



—13 ± 2 

4 

5 

670 

560 

—16 4 

5 

5 

2,375 

2,120 

—10 


” 5 



—13 2 ± 3 

6 

6 

2,100 

1,900 

— 95 

7 

6 

2,240 

1,900 

—15 


” 6 



— 12 3 ± 2 45 

8 

7 

1,885 

1,875 

- — 5 5 

9 

7 

1,970 

1,520 

oo 

10 

7 

2,480 

1,820 

—26 

11 

8 

2,550 

2,200 

—13 

12 

8 

2,000 

1,800 

—10 

13 

8 

2,680 

1,520 

—43 2 

14 

8 

1,730 

1,120 

—35 2 


” 7 6 



— 21 4 ± 5 55 

15 

9 

2,300 

1,930 

—16 

16 

9 

1,040 

680 

—34 6 

17 

9 

1,510 

920 

—39 

18 

10 

1,010 

1,190 

—26 

19 

10 

2,580 

2,050 

—21 

20 

10 

700 

510 

—27 

21 

10 

1,900 

1,700 

—11 

22 

11 

1,950 

1,600 

—19 

23 

11 

2,240 

1,530 

—32 

24 

11 

2,170 

1,930 

—15 


” 10 



—24 -f 2 91 

23 

13 

1,350 

1050 

22 

26 

13 

2,720 

2,010 

—26 1 

27 

14 

1,880 

1,160 

—38 

28 

14 

1,820 

1,320 

—27 4 


” 13 5 



—33 3 ± 4 35 

29 

16 

2,930 

2,420 

—17 

30 

17 

2,070 

1,300 

— 37 


” 16 5 



—27 ± 10 


N — Nounal 
A— Arthutis 


number of days of arthritis This relationship 
is seen more clearly in Fig 1 and 2 

B Weight oj Muscles of Arthritic Joints 
Immobilized in Hyper flexion In this series 
we used 28 animals and the results are shown 
in Tables III and IV, and Figs 1 and 2 In 
this position, the soleus after an initial increase 


tends to maintain its normal weight The 
tibialis anticus undergoes atrophy, but not as 
much as in the case of pure arthritis, although 
the weight of desiccated muscles shows that 
the loss of w'eight is similar to that produced 
by the arthritis alone 

C Weight of Muscles of Arthritic Joints 
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TABLE V 




Tibialis in 

Arthritis 

with Hi pci t \ tension 



Amnnl 

No 

D ijs of 
arthritis 

lVt in g 

% 

thffciUKt 

IV t of desic 

muscles 

% 

difference 

f 

X 

A1 

r 

N 

— ^ 

AI 

31 

25 

3,000 

4 220 

+17 2 

1,080 

1,170 

+ 83 i 

32 

2 5 

2,630 

3,600 

+30 8 

780 

8 70 

+11 5 

33 

2 3 

3,280 

3,440 

+ 48 

920 

980 

+ 65 

34 

2 3 

3,300 

3,920 

+18 8 

820 

1,020 

+24 3 

35 

2 5 

1,710 

2,040 

+13 4 





Axg 2 5 



+18 2 + 

52 



36 

3 

3,750 

6,500 

+ 13 




37 

3 

3,020 

3,990 

+32 1 




38 

3 

2,900 

3,960 

+40 




39 

5 

3,170 

4,040 

+40 3 

770 

1,100 

+42 8 

40 

5 

4,480 

7,270 

+62 2 

1,130 

1 410 

+24 7 

41 

5 

3,500 

5,000 

+40 4 

S70 

1,050 

+17 1 

42 

7 

4,500 

6,220 

+28 




43 

7 

3,280 

4,320 

+24 




44 

7 

3,180 

4,380 

+37 7 

830 

1,050 

+26 5 


" 57 


45 

9 

46 

9 

47 

9 

48 

9 

49 

9 

50 

10 

51 

12 

52 

13 

53 

13 

54 

13 

55 

14 


" 108 

56 

16 

57 

16 

58 

16 

50 

16 

69 

16 


” 16 


A T — Noimil 


3.200 6,250 

4,280 5,360 

3,230 3,820 

3,420 4,610 

2,250 3,130 

3,940 5,300 

3,780 5,460 

2,360 4,420 

4.200 4,040 

1,330 2 G10 

1,510 2,760 


3,900 

2,830 

2,720 

3,640 

4,010 


+35 9 + 

4 68 

+ 17 


+22 8 

1,110 

+17 3 

830 

+25 8 

S40 

+30 1 


+20 


+ 17 9 

1,020 

+ 87 2 

590 

— 38 


+ 96 2 

380 

+82 8 

440 

+ 38 9 ± 

10 

+43 6 

1,050 

+ 3 8 5 

790 

+15 2 


+ 64 o 

1,000 

+25 3 

1,280 

+37 2 ± 

86 


1,220 + 9 0 

960 +13 3 

1,120 +33 3 


1,220 +19 6 

970 +64 4 

040 +08 4 

700 +59 


1,390 +32 3 

1,060 +34 1 

1,190 +19 

1,020 +26 7 


A I — Aithntis With immobilization 


5,600 

3,920 

3,170 

5,980 

0,430 


in hi pci extension 


the same as that with hyperextension alone 
Hyperflexion results m a slight increase in 
weight of the sofeus, and arthritis plus hyper- 
flexion results in no change of weight the 
hyperflexion preventing the loss of weight that 
usually accompanies arthritis 
In the case of the tibialis anticus, in which 
arthritis causes a loss of and hyperextension an 
increase of weight, the simultaneous action 
of these two factors results in an increase of 
weight greater than by immobilization alone 
No doubt edema plays a role in these results 
Mso, the standard error of the increase m 
weight is + 10, indicating that the mean value 


may be subject to great variation 

Hvperflexion causes a loss of weight of the 
tibialis, but when combined with arthritis it 
fails to alter the loss of weight due to the latter 
Summarizing the loss of weight produced 
by immobilization and shortening of a muscle 
is not modified by arthritis in a period of 
10 or 11 days On the other hand, the atrophy 
due to arthritis does not develop, or is changed 
into hypertrophy when the joint is immo- 
bilized in a position which by itself causes 
an increase m weight 

As we said before, the increase in weight of 
the tibialis by immobilization and arthritis 
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t vbli; IV 


Soleus in Aithutis with HcpeifleMon 


Animal 

No 

D ns of 
irthntis 

V t jii 

ig 

V 

% 

difference 

t of desic 

muscles 

tO 

difference 

X 

AI 

r " 

X 

" \ 

AI 

01 

25 

1,210 

1,530 

+20 2 



{ 

G2 

2 5 

1,730 

1,950 

+11 2 

450 

480 

+ 02 

GB 

2 5 

1,180 

1,220 

+ 34 

310 

330 

+ 04 

04 

2 7 

1 000 

1,220 

+ 15 

300 

345 

+13 

05 

2 5 

75 0 

1,000 

+ 31 8 

220 

280 

+27 2 

GO 

4 

2,440 

2,340 

— 4 1 




07 

5 

2,370 

2,400 

+ 30 




OS 

5 

2,430 

2,300 

— 2 S 

540 

500 

+ 37 

GO 

"5 

2,200 

2,770 

+25 8 




TO 

5 

2,020 

2 740 

+ 40 




71 

5 

1,830 

1,800 

+ 32 





Aig 3 7 



+10 7 ± 3 7 

4 



72 

0 

2,700 

3,000 

+ 11 




73 

0 

1,330 

1470 

+10 5 




74 

0 

2,250 

2,5S0 

+ 14 0 

520 

GOO 

+15 3 

75 

0 

3 000 

2 030 

— 2 3 

770 

770 

0 

70 

0 

2,4S0 

2,090 

+ S 4 

030 

040 

+ 10 


” 0 



+ 8 4 ;fc 2 S 

o 



77 

7 

2,030 

1,450 

—28 5 




78 

7 

1,050 

1,080 

+ 2 8 




70 

7 

1 530 

2,018 

+ 32 




SO 

s 

2,070 

2,400 

—10 1 

070 

010 

— SO 

SI 

0 

3,050 

3,450 

— 3 4 




82 

0 

1,370 

1,020 

+18 3 





” 78 



+ 1 45 ± s : 

7S 



SI 

11 

1 850 

2,220 

+15 8 




84 

11 

2,220 

2,370 

+ 04 




so 

11 

2,350 

2 410 

— 5 ) 




SO 

11 

1,500 

1,400 

—ii <) 

380 

300 

- 5 2 


” 11 



-f- 1 7 ±: 5 GG 



S7 

14 

1,870 

1,S50 

— i 

450 

430 

0 

SS 

14 

2,550 

2, GOO 

+ 19 

030 

050 

+ 31 


” 14 



-f- 0 4 ± 1 oS 




N — Xormnl 

A I- — Arthritis with limnobiliz'ition m In pcrlle\ioii 


obtained for the tibialis in a series of 30 
animals 

The musculai atrophy produced by arthritis 
is different from that obtained by immobiliza- 
tion and as observed by Thomsen and Luco, 
in the former case both muscles undergo 
atrophy, while m the latter case only the 
muscle that is m a state of maximum shorten- 
ing undergoes atrophy 

If ne combine these two conditions that 
cause changes of weight, arthritis and 
immobilization m an extreme position, we 


observe that in some cases we obtain a sum- 
mation while in others we do not In Table 
VII, we show the average percentage of 
change in weight m the group of animals 
studied after 10-11 days of treatment, to- 
gether with the results obtained by Thomsen 
and Luco 2 for the same period 

Table VII shows that the loss of weight of 
the soleus m arthritis is slightly over one-half 
the loss of weight in immobilization in hvper- 
e\ tension, and that the loss of weight m 
arthritis wuth hyperextension is practically 
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TABLE ATI 



fe diff m soleus 

% diff in tibialis 

Arthritis 

—24 0 

—22 7 

Arthritis and hyperextension 

—38 8 

-L3S9 

Hvperextension 

—38 0 

4-2S0 

Arthritis and livperflexioii 

2 Q 

—110 

Hvperflexion 

4-no 

—13 0 


ot maximum extension (hyperextension) 
caused a greater loss of weight than immo- 
bilization in maximum shortening, and that 
the change in the soleus was the same m either 
position The experimental conditions were 
different in the tw o cases, and we beliex e that 
the different results are due to the fact that 
we studied the first 16 days of immobilization 
w hile Huddleston s experiments extended from 
95 to 290 days It may be that our results 
would change w ith time and come to resemble 
those of Huddleston Besides, the results 
listed m our tables show that there are wide 
xanations from animal to animal and, there- 
fore the averages must be taken from a large 
number of animals 

Our results cannot be compared either with 
those of Hines"' who studied in rats the effect 
of immobilization on the recovery from 

5 Hines, H M , J .1 1/ A 194’, 120, 515 


paralysis caused by crushing the nene In 
our experiments the nerx e was kept intact 

Summary 1 Arthritis of the tibio-tarsal 
lomt produced in cats by injecting silxer 
nitrate, causes an atrophy of the soleus and 
tibialis anticus muscles Tables I and H, 
Fig 1 and 2 

2 Immobilization of the inflamed tibio- 
tarsal joint in hyperflexion results in a loss 
of weight of the tibialis that is similar or 
slightly less marked than that caused by 
arthritis alone Table III, Fig 1 In these 
conditions the soleus keeps its normal weight 
Table IV, Fig 2 

3 Immobilization of the inflamed joint in 
hyperextension results in an increase of w eight 
of the tibialis Table V, Fig 1 The soleus, 
on the other hand, shows a greater loss of 
weight than b\ arthritis alone Table VI, 
Fig 2 


15220 

Respiratory' Mask and Valxes for Dogs 

Alfred H Chambers, George Brewer, Horace W Davenport,* and Samuel 

Goldschmidt 

Irom the Department of Physiology, School of Medicine, Vmicrsity of Ptnntylianui 

Philadelphia, Pa 


The units to be described were developed in 
this laboratory for the purpose of collecting 
expired air of unanesthetized, trained dogs 
The avoidance of leaks minimization of re- 
sistance to breathing and of dead space were 
prime factors considered in designing the 
apparatus Xo new fundamental principles 
are mxolxed, rather, the apparatus embodies 


* Present address, University of Utnli School of 
Medicine, Salt Late City, Utah. 


good features of older designs, eliminates some 
of the bad and utilizes new devices, to our 
knowledge never previously described 
Mask The mask consists of a copper wire 
frame, on the order of carefully shaped com- 
mercial wire muzzle made to fit loosely the 
snout of a 15 kg mongrel hound The nasal 
end is projected about 1" beyond the nose 
and fitted with a No 9 stopper with a single 
K" bore The open end is bent to fit the 
snout near the lip corners with about Y" 
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TABLE VI 


Soleus 111 Aitlintis with Ha pere\tension 


Annual 

No 

Dri s of 
utluitis 

wt 

mg 

% 

diffeit.net 

55 t of desic 

muscles 

% 

diffeience 

X 

AI 

< 

X 

— ^ 

4.1 

31 

2 5 

2,080 

1,850 

—11 1 

540 

510 

— 5 5 

32 

2 5 

1,730 

1,740 

+ 05 

450 

450 

0 

33 

2 5 

1,250 

1,300 

+ 88 

300 

380 

-J- 5 5 

34 

2 5 

2,330 

2,070 

—11 1 

030 

500 

—in 

3 j 

25 

1 370 

1,200 

—14 2 





Aig 2 5 



— 5 4 ±4 32 



30 

5 

2,850 

2,800 

2 




37 

5 

1,740 

1,030 

— 0 3 




38 

5 

1,050 

1,710 

—14 




30 

5 

1,800 

1,230 

—31 (> 

420 

320 

—23 8 

40 

5 

1,740 

1,080 

— 3 4 

440 

390 

—11 3 

41 

5 

1,480 

1,040 

—10 0 

420 

430 

+ 23 


” 5 



— 7 7 ± 

5 03 



42 

7 

3,100 

3,000 

— 3 




43 

7 

1,000 

1,400 

—12 




44 

7 

2 300 

1,490 

—35 2 

520 

370 

cr 

00 

r'l 

1 


” 7 



* — 1C 7-4-9 5 



45 

0 

2,550 

1,830 

—28 




40 

0 

2,080 

1,350 

— 35 j 

450 

330 

—20 0 

47 

0 

1,700 

890 

—47 0 

470 

290 

—38 3 

48 

0 

1,050 

1,340 

—31 2 

470 

310 

—34 

40 

0 

1,320 

1,040 

—21 2 




50 

10 

1,070 

1,430 

—27 





” 0 1 



—31 0 ± 3 10 



51 

12 

1,000 

1,130 

—33 1 

400 

280 

—39 1 

52 

13 

1,740 

900 

—48 2 

440 

220 

—50 

53 

It 

1,820 

9 40 

— 4S4 




54 

13 

1,000 

440 

— 58 5 

275 

110 

—GO 

55 

13 

1,100 

000 

—48 3 

310 

170 

—451 


” 12 8 



— 47 3 4 15 



50 

10 

2,040 

1,330 

45 4 

070 

330 

—50 7 

57 

10 

1,730 

000 

—02 

430 

190 

— 55 8 

58 

10 

1,000 

010 

—09 




50 

10 

2,090 

1,510 

—27 

550 

290 

— 4 7 2 

00 

10 

2,270 

1,290 

—43 7 

020 

300 

—418 


” 10 



— 40 4 ± 7 

30 




N — No rim 1 

AI — Aitlintis -with immobilization m hjperevtcnsion 


is less marked in desiccated muscles This 
applies to both positions On the other hand, 
the results obtained with desiccated soleus 
muscle are similar to those obtained with 
the fresh muscle 

With reference to periarthritis, Lippman 
and Selig discarded all animals that devel- 
oped this complication and, nevertheless, ob- 


tained a curve that almost coincides with the 
one we obtained without discarding such 
animals 

The results obtained m this work do not 
agree with those of Huddleston ,' 1 who found 
that immobilization of the tibialis in a position 

4 Huddleston, O L, South, 2[ J , 1044, 3T, 72 
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close to the vertical position as shown in the 
diagram as otherwise the flaps will be opened 
by gravity between respirations allowing sig- 
nificant leaks Small springs to close the flaps 
might eliminate this danger The valve should 
be stored in the vertical position when not in 
use The tube (B) with a 45° bend, inserted 
into the stopper of the mask, is used when the 


dog is supine with head tilted 45° upward 
Modification of this bend permits use with 
the animal in any desired position Modifica- 
tion of the diameter and bend of (B) and 
attachment to a suitable mask permits use 
on man No significant resistance to respira- 
tion develops with these valves even during 
exercise or COo inhalation 
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Effect of Salicylate on Plasma Fibrinogen and Sedimentation Rate in 
Rheumatic and Non-Rheumatic Patients * 

S Rapoport and Georce M Guest 

7 mm the Children ’s Hospital Pcscarcli Foundation and tlic Department of Pcdiatncs, Univer 
sity of Cincinnati College of Mcdicmc, Cincinnati 


Despite the long-standing use of salicylates 
m the management of rheumatic fever, con- 
siderable uncertainty still exists with regard 
to their efficacy and to their mode of action 
in this disease While some observers believe 
that their clinical effect may be ascribed 
entirely to the analgesic and antipyretic 
action, 1 others have assumed a specific 
inflammation-suppressant effect of these drugs 
in rheumatic fever Studies which indicated 
a more rapid return to normal of the sedi- 
mentation rate in rheumatic patients receiving 
large doses of salicylates were interpreted as 
supporting evidence for this view, under the 
assumption that the sedimentation rate repre- 
sented an index of inflammatory activity - 
\ specific influence of the drug on the sedi- 
mentation rate apart from its assumed action 
on the inflammation is also suggested by the 
observation that the sedimentation rate may 
increase promptly on discontinuance of sali- 
cylate therapy 3 

Present evidence indicates that the sedi- 
mentation rate of the erythrocytes is mainly 

* Reported it a conference on Liver Injur} held 
under auspices of the Tosuh Mac}, Jr, Founda 
tion, Neu York, September 19, 1944 

1 II msdik, P T , Medicine, 1920, 5, 197 

-’Coburn, X P, Suit Johns Uopl ms Hosp , 
1941, 74, 43 o 

3 Lichtv, T A, ind Hooker, S P, Pnoc Soc 
Lxi Biol and Med , 1941, 48, G9 


dependent on the concentration and distribu- 
tion of the various fractions of the plasma 
proteins 4 Fibrinogen exerts the greatest 
accelerating action A close relationship be- 
tween the sedimentation rate and the level of 
fibrinogen has been demonstrated by several 
observers m various experimental conditions 
and diseases, among them rheumatic fever 5 
Fibrinogen is generally believed to be formed 
solely in the liver 0 In view of these facts it 
appears possible that the effect of salicylates 
on the sedimentation rate of rheumatic patients 
is due to an inhibition of the formation of 
fibrinogen by the liver That salicylates may 
affect liver function is also suggested by the 
observation that they may cause significant 
reduction in the plasma prothrombin in ani- 
mals and in man 7 One would not expect such 

4 Falincus, R, Physiol l!cv , 1929, 9, 241, 
XVestcigren, A, Thcorell, II, and XVidstroem, S, 
/ <jt s Sxp Med , 1931, 71, 0G8, Bendien, XV M, 
Xtuberg, T , and Snapper, I , Bioch Z , 1932, . 247 , 
!0G, Guv, S J, and Mitchell, E B, Peoc Soc 
Exp Biol and Med, 1942, 51, 403 

■> Ernstcne, A C, Am T Med Sc, 1930, 180 , 
12, Gilhgan, D R, and Ernstcne, A C, Am J 
Med Sc, 1934, 187 , 552, Him, T II, ind Curtis, 
I’ C, Medicine, 1938, 17 , 447 

Midden, S C, ind XX hippie, G II, Physiol 
1 lev, 1940, 20 , 194 

"Link, K P, Overman, R S, Sulliv in, XV R, 
Ilucbner, C P, and Schcel, L D , J Siol Chcm , 
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Respiratory Mask and Valves 



F I 6 I 

M isk ft imc 'without co\ erjng Shaded portion 
a No 9 rubber stoppei foi mscition of B m 2 


clearance Eight longitudinal wires spaced 
evenly around the frame serve to give good 
support and shape to the covering material 
The finished frame (Fig 1) is wrapped with 
3 or 4 thicknesses of plaster bandage, allowed 
to dry overnight and soaked for an hour in 
melted paraffin A late\ surgeon s glove, size 
8, from which the fingers are removed is 
stretched over the open end of the mask and 
secured by wrapping tightly with string and 
brushing with molten paraffin about 3" of 
the wrist end of the glove is allowed to project 
as a sleeve In use, the sleeve is stretched 
over the dog’s muzzle to beyond the hp corners 
and invaginated into the mask by sliding the 
latter toward the eyes Tw'o rubber strips 
cemented to the end of the sleeve and tied 
together behind the ears prevent rolling of the 
glove and exposure of the lip corners during a 
measurement We have found no grease to 
be necessary to prevent leaks under the glove, 
this may, however, be necessary in the case 
of very long-haired animals The mask can 
be steadied during the experiment either by 
hand or a clamp Such a mask will fit a 
number of 10-20 kg animals with similar 
muzzle shapes thus obviating the necessity of 
individually molded outfits For smaller ani- 
mals a smaller size glove may be used as sleeve, 
but the mask dead-space factor may become 
significant in such cases Hence we have con- 
structed similar but smaller size masks lvhich 
may be used for 5-10 kg dogs Although this 
mask does not fit the muzzle tightly enough 
to prevent some opening of the jaws it would 
limit the extent of such movement and thus 



Fig 2 

Rcspinton \ -i 1\ os, shown m position used 


might limit the efficiency and degree of the 
panting process 

Valves The valves are of the ordinary 
rubber flap type enclosed in glass (A) in 
Fig 2 is a 5%" long, 45 mm od standard 
Pyrex tube with a 13 mm o d tube (B) fused 
to one side about of the distance from one 
end The expiratory valve (C) is a No 8 
rubber stopper with %" bore covered with 
a circle of 1/32" rubber sheet secured to the 
stopper by a small dot of rubber cement on 
one edge A perfectly flat piece of sheet 
rubber and a smooth stopper must be selected 
to avoid leaks The inspiratory valve (D) is 
a No 7 stopper covered with a similar flap 
The 25 mm o d glass tube (E) should produce 
a minimum of stretching of the stopper (D) 
w'hen inserted to prevent distortion of the 
valve seat and consequent leaks The ends 
of (A) are closed with single bore No 9 
stoppers which can be connected to spirome- 
ters A 20-watt electric heater (F) is built 
to fit over the upper half of the valve This 
prevents condensation of moisture on the 
expiratory valve during collection and elim- 
inates the objectionable sticking of this flap 
with its consequent resistance to expiration 
The valve should be used only in or ven 
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tration in patients suffering from various 
chronic disorders m which the sedimentation 
rate is elevated 

Malawi and Methods Fifteen patients 
with elevated sedimentation rates, varying m 
age from 2 to 14 years, were chosen for this 
study Eight displayed some manifestations 
of rheumatic fever, 4 were suffering from 
lipoid nephrosis, and 3 from chronic osteo- 
myelitis The subjects received daily 0 09-0 22 
g per kg of body weight of acetyl-salicylic acid 
combined with an equal amount of sodium 
bicarbonate for a period of 7 to 29 days 
Blood samples for the determination of the 
sedimentation rate and of the plasma fibrino- 
gen were obtained before, during, and after 
the period of medication at varying intervals 
of time, usually 3 to 5 days Most subjects 
tolerated the drug well, except for one patient 
with nephrosis who developed hypoprothrom- 
binemia and hematuria, shortly after discon- 
tinuance of salicylate medication the hem- 
aturia ceased and the prothrombin returned 
to normal 

The sedimentation rate was determined by 
the method of Rourke and Ernstene 8 using 
heparinized blood with values corrected for 
the packed volume of cells Fibrinogen was 
determined as fibrin, following essentially the 
procedure of Cullen and Van Slyke a 

Results Ten of the patients, whose data 
are summarized in Table I, exhibited signifi- 
cant reduction in the fibrinogen level of their 
plasma during periods of salicylate medication 

SRouike, SI D, ind Exnstcne, A C, J dm 
Invest , 1930, 8, 545 

» Cullen, G E, and Van Sljke, D D, J Biol 
Client , 1920, 41, 587 


In all instances the sedimentation rate of the 
erythrocytes was also reduced, but the extent 
of the decrease varied considerably In the 
other 5 patients, in whom the plasma fibrino- 
gen did not decrease, no important changes 
were observed in the sedimentation rate Sev- 
eral striking discrepancies between the two 
indices, demonstrated particularly in Cases 3, 
5, and 8 m Table I, would indicate that other 
factors besides fibrinogen were operative in 
determining the sedimentation rate It well 
may be that the effect of the salicylates on the 
distribution of plasma protein, and with it on 
the sedimentation rate, is not limited to 
fibrinogen alone, although determination of 
albumin and globulin by the conventional 
Howe method m several of the samples did not 
indicate significant change The data on 
Cases 1 to 6 would indicate that salicylates 
may lower the plasma fibrinogen and the 
sedimentation rate in conditions unrelated to 
the rheumatic disorder Such findings justify 
the assumption that salicylates exert an un- 
specific action on the liver, and indirectly 
support the contention of those observers who 
believe that salicylates do not have a specific 
anti-rheumatic action However, it is of 
course conceivable that changes in the dis- 
tribution of plasma protein produced by sali- 
cylates may in some manner influence favor- 
ably the course of rheumatic inflammation 
Summary In 10 of 15 patients with ele- 
vated sedimentation rates, suffering from non- 
rheumatic and rheumatic disorders, the sedi- 
mentation rate and concentration of fibrinogen 
decreased following salicylate therapy It is 
suggested that the change in the fibrinogen 
may represent an effect of salicylate on the 
liver 
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Salicylate and Plasma Fibrinogen 


TABLE I 

Changes in PI ism i Fibnmgen ana Sedimentation Rite Following Saliciiate Therapy 

Sedimentation rate 


Case 

No 

Diagnosis 

Age, 

jrs 

Dosage, 

g/kg/day 

Time ltlatne 
to medication 

Plasma 
fibrinogen, 
ing/100 cc 

r 

uncorrectcd, 

Dim/inm 

corrected, 

min/min 

1 

Nephrosis 

11 

0 

before 

051 

3 03 

1 96 




0 13 

2 (1 ns 

857 

3 07 

1 80 




0 13 

5 ” 

070 

2 80 

1 04 




0 13 

10 ” 

534 

2 35 

133 




0 13 

14 ” 

468 

2 20 

142 




0 

S ” iftu 

535 

2 05 

190 




0 

20 ” ’ 

704 

3 00 

2 00 

O 

y y 

7 

0 

bifoie 

024 

3 72 

218 




0 15 

1(> d ns 

052 

3 00 

188 




0 

8 iffci 

794 

4 22 

214 

3 

y y 

s 

(1 

b.fou 

053 

2 20 

2 00 




Oil 

0 dais 

415 

1 70 

1 38 




0 11 

10 ” 

184 

1 27 

1 02 




0 

7 ” lfter 

470 

1 53 

1 33 

4 

Chi on st iph obtionnehtis 

0 

0 

Ik f m ( 

02S 

2 81 

108 




0 00 

7 dais 

360 

2 52 

1 4S 




0 

7 ” tftei 

000 

3 15 

183 

A 

y y yy yy 

3 

0 

hcfoie 

501 

1 04 

1 04 




0 11 

7 d n s 

220 

1 00 

0 05 




0 

14 ” iftu 

508 

1 00 

0 OS 

<i 

Brain abscess 

14 

0 

befoic 

b 58 

4 04 

177 




015 

4 d n s 

780 

2 40 

1 40 




0 15 

13 ’ 

583 

124 

1 IS 

7 

Rheum fc% ci 

o 

0 

befoic 

843 

2 >0 

1 35 




0 20 

7 d ns 

008 

1 34 

0 72 




0 20 

20 ” 

370 

0 73 

0 45 

8 

yy yy 

12 

0 

befoi l 

858 

2 71 

1 00 




013 

idns 

580 

2 20 

1 42 




0 13 

20 ” 

404 

0 52 

0 2S 




0 

45 ” after 

031 

0 07 

0 78 

9 

yy yy 

5 

0 

tr'foi e 

022 

1 80 

1 18 




0 17 

7 dai s 

552 

0 80 

0 30 




0 17 

20 ” 

388 

019 

012 

10 

y y yy 

7 

0 

Ik foi c 

014 

2 83 

1 74 




0 13 

14 dais 

54S 

2 10 

1 18 




0 

12 ” after 

073 

2 32 

1 50 

11 

Nephrosis 

7 

0 

befoic 

785 

6 50 

210 




0 14 

7 dais 

808 

0 74 

2 12 




0 

7 ” iftei 

040 

7 57 

2 57 

12 

Brain abscess 

S 

0 

befoi e 

720 

1 10 

0 68 




0 13 

12 dai s 

746 

134 

0 74 

13 

Rheumatoid aithiitis 

11 

0 

befoi e 

620 

2 41 

1 70 





10 daib 

640 

2 81 

1 94 





12 ” after 

740 

4 22 

2 44 

14 

Pericarditis und etio] 

2 

0 

before 

472 

120 

0 72 




018 

6 days 

500 

1 10 

0 63 

15 

Rheum f e\ er 

14 

0 

befoi e 

610 

— 

— 




0 13 

O dais 

502 

0 80 

0 66 




013 

10 ” 

014 

1 13 

0 80 


an effect of the sahcyJates to be hmited to 
rheumatic patients alone . decreases in the 

1943 , 147 , 463, Kapoport, S , AY mg, M , ana Guest, 
G M , Proc Soc Exp Biol vx’D Med , 1943, 33, 
40 Meier, O O , and Howard, B , Proc Soc Exp 
Biol and Med, 1943, 53, 234, Shapiro, S , Bedish, 
M H , and Campbell, n A , Proc Soc Exp Biol 
axd Med, 1943, 53, 251 


plasma fibrinogen and m the sedimentation 
rate following salicylate medication should be 
demonstrable m other patients with elevated 
sedimentation rates, who do not suffer from 
rheumatic fever In the present study parallel 
determinations of the sedimentation rate and 
of plasma fibrinogen were carried out before, 
during, and after courses of salicylate admims- 
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stoch soluPons g! 1 C 003 units per ml in 
phosphate Duffer of pH 6 9 Ire stoch —us 
Pirated at frequent Intervals by the cud 
method- ard compared vdth a penicillin 
standard A sloes vras discarded as soon as 
its Pier began to cmimsh appreciably. 

Tests to- pen cHlicase acthdty tvsre mace 
by mining i ml of the samn’e to be tested 
vntn 1 ml of a pen. cilim solution of the de- 
sirea concentrat on (generally -0 .nuts ml) 
The rnmu'es mere in cu Dated a t 37 C for 
1 or 2 hours then assajed directly c~ auer 
cil A.on ny the cap method Acetone-etner 

c VT 21- c.£Q A. J 7>zc*-, 
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dried preparations to - penlrillmase tests vrere 
made according to Harper 0 

Results When sensitive strains of s tap h;. - 
lococci are plated m near containing penlril- 
Ln the results are ot the rime illustrated in 
Tab'e I 

I: Da elena irem any of the co’onies arovm 
m the Presence of tne largest amount of peni- 
cillin _n the esmeriments o' Tan’e I are 
P cued out. grorm in broth, and retested in 
pen-aim agar, results ot tre time CliAtrated 
it Table II a are obtained. ’ By sampling 
snd testins co 1 on.es nroTi m me d~ss~ 
ence o. progress 1 * eh mcreas ng amounts of 
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A Test for Penicillin Sensitivity and Resistance in Staphylococcus * 

S E Luria * (Introduced by E C MacDowell ) 
r 10,11 Me Department of Genetics, Canicr/ic Institution of WaAnne/ton, Cold Sprint/ Barbor, X T 


The occurrence of penicillin-fast strains 
of bacterial species generally susceptible to 
the action of penicillin has been recorded re- 
peatedly 1 It has been established that a 
susceptible strain may acquire penicillin re- 
sistance tn vivo following penicillin treat- 
ment, or m vitro after growth m penicillin- 
containing media The mechanism of ac- 
quisition of penicillin fastness tn vitro by 
staphylococci was studied by Demerec 2 who 
found that even very susceptible strains of 
staphylococci give origin to a few variants 
resistant to small concentrations of penicil- 
lin The variants in turn, once allowed to 
grow, give variants of higher resistance In 
several steps, but never in one step, it is 
possible to obtain variants resistant to very 
high concentrations, up to 250 or more units 
per ml This type of resistance is generally 
permanent Using the statistical method de- 
vised by Luria and Delbruch 3 for the study 
of bacteriophage resistance, Demerec was 
able to show that these penicillin-fast vari- 
ants arise by rare mutations from sensitive 
organisms, independently of the action of 
penicillin itself In all probability the drug 

*- The woik described m this piper n is done 
nuclei i conflict, recommended by the Committee 
on Medical Resell tli, betneen the Office of Scion 
tide Resen ch ind Do elopmcnt ind the Cirnegie 
Institution of W ishington 

t The author is indebted to Lt A Reiss, Sn C , 
Base Hospital Laboratory, Mitchel Field, NY, 
and to Miss B Johnson, Surgical Bacteriology 
Laboratory, College of Physicians ind Suigeons, 
Columbia Urmeisity, fot supplying cultures of 
staphi loeocu, and to Ch is Pfizei and Co for gen 
eious supplies of penicillin The technical assist 
a ii Ce of Miss Rachel M Aibogast is gratefully 

acknowledged 

i See Spink, XV XV , Ilall, XV H , and Ferns, Y , 

J A 1 t A, 1945, 128, 555 

- Dcmeicc, M , Proc Nat Acad Sc , 1945, 31, 1G 

3 Luna, S E, and Delbruch, M, Genetics, 1943, 

28, 491 


merely acts as a selective agent which, by 
inhibiting the growth of sensitive individuals, 
allows the mutant individuals of sufficient 
resistance to grow Resistance to high con- 
centrations is the result of successive muta- 
tions, each contributing further resistance 
The situation is complicated by the oc- 
currence of another type of penicillin re- 
sistance in staphylococci 1 Many of the 
so-called resistant strains isolated from pa- 
tients, either before or after treatment with 
penicillin, seem to owe their ability to with- 
stand the antibiotic to the production of a 
penicillin inactivator, probably of enzymatic 
nature (penicillinase 4 ) Experiments dis- 
cussed in this paper show that penicillinase 
production need not be associated with pen- 
icillin resistance of the individual cells 
One important requirement m experi- 
mental work and m hospital laboratory rou- 
tine is the availability of a reliable test for 
penicillin resistance m staphylococcus The 
test should indicate the degree of sensitivity 
of the bulk of a bacterial population and the 
presence and proportion in it of cells of 
higher resistance For penicillinase-produc- 
ing strains, the test should indicate the de- 
gree of sensitivity of individual cells Such 
a test is described m the present paper 
Technic For the experiments on survival 
in agar containing penicillin pour plates were 
used These were made by introducing the 
desired amount of penicillin, and then a 
measured bacterial inoculum, into a tube 
containing 10 ml of melted nutrient agar (at 
45 °C), mixing the contents of the tube thor- 
oughly, and plating immediately With this 
method, no heat inactivation of penicillin 
takes place Results were read after 72 hours 
of incubation at 3 7°C 

Penicillin was kept in a refrigerator m 

4 Abrali ini, E P, and Chain, B, Nature, 1940, 
146 , 837 
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TABLE I 

Survival of Penicillin sensitive Staplijlococu in Agu Containing Penicillin 

Survival in agar b) colon) counts 


f 1 1 i 


Penicillin, 

units/ml 

Strain NRRL, 
b ictern/nil 

Sti 1111 02, 
b ictein/ml 

Stnin 3309, 
bacten i/ml 

0 00 

2 2 

X 

108 

24 X 

108 

27 

X 108 

0 01 

2 5 

X 

100 





0 02 

2 3 

X 

104 

30 X 

10 

20 

X 104 

0 OS 

1 0 

X 

10-1 

41 X 

10 - 

0 0 

X 10-1 

0 04 

4 0 

X 

108 

") X 

101 

3 0 

X 101 

0 00 

1 3 

X 

10- 

G X 

100 



0 08 

3 0 

X 

101 

0 


1 0 

X 101 

0 10 

0 



0 


0 



TABLE II 

Survival of Stapli) lococci Made Resistant to PeniLillin 


a Strain fiom a colon) grown m presence of 


b idem 


<■ idem 


0 00 units/ml 


04 


1 0 



Suivival bv 

Penicillin, 

colon) count, 

umts/ml 

b ictena/ml 

0 00 

7 

X 108 

0 04 

3 

X 108 

0 08 

7 

X 108 

0 12 

2 

X 101 

0 10 

4 

X 10’ 

0 24 

2 

X 10-’ 

0 22 

0 


00 

7 

X 108 

0 2 

0 

X 101 

0 t 

3 

X 198 

0 4 

1 

X 103 

03 

2 

X 101 

073 

o 

X 10- 

I 00 

0 


0 0 

(> 

X 1 08 

1 0 

4 

X 104 

2 0 

1 

X 101 

4 0 

1 

X 10- 

00 

2 

X 10 1 

S 0 

1 

X 101 

12 0 

0 



stock solutions of 10,000 units per ml in 
phosphate buffer of pH 6 9 The stock was 
titrated at frequent intervals by the cup 
method, 11 and compared with a penicillin 
standard A stock was discarded as soon as 
its titer began to diminish appreciably 

Tests for penicillinase activity were made 
by mixing 1 ml of the sample to be tested 
with 1 ml of a penicillin solution of the de- 
sired concentration (generally 40 units/ml) 
The mixtures were incubated at 37°C for 
1 or 2 hours, then assayed, directly or after 
dilution, by the cup method Acetone-ether 

r Schmidt, IV II , and Moyer, \ J , J Bad , 
1044, 47, 199 


dried preparations for penicillinase tests were 
made according to Harper 0 

Results When sensitive strains of staphy- 
lococci are plated m agar containing penicil- 
lin, the results are of the type illustrated m 
Table I 

If bacteria from any of the colonies grown 
m the presence of the largest amount of peni- 
cillin in the experiments of Table I are 
picked out, grown m broth, and retested m 
penicillin agar, results of the type illustrated 
in Table II, a, are obtained By sampling 
out and testing colonies grown in the pres- 
ence of progressively increasing amounts of 

' II irper, G T, Lancet, 1941, 345, 3G9 
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TABLE Iir 


Suriml of Penicillinase pioducing Stnplnlocoici 

in Ag.u Cont lining Penicillin 



Glow tli in penicillin 

igir 


Penicillin 

Inoculum, 

A 

per plite 



5 X 105 

5 X 10*1 


ITmts/ml 

Coloni count* 

Coloni count* 

a Staphylococcus titbits Slncffer 

0 Or 

Continuous giowtli 

5 X Id 


0 all 

) > 

I0-* 


1 00 

> y 

2 X 10' 


2 00 

y y 

3 X 10- 


5 00 

} y 

0 


10 00 

101 

0 

b kttipln/locot cits titbits Clones 

0 00 

Continuous giowtli 

> x ioi 


0 05 

} } 

101 


0 20 

) 1 

1 X 101 


0 50 

101 

5 X 10-i 


1 00 

101 

0 


2 00 

1 9 X Id 

0 


* Continuous giowtli eoircsponds to more thin 1 X 10<> colonies pei plite Counts lngliei 
than 1 X arc cstnmtos 


TABLE IV 

Giowtli of Sensitne St iplnlocoeci in Agar and Biotli Containing Penicillin 


Platings in <agar 


Inoculations in broth 
Inoculum, bacteria per tube 


Sumvalbj , — — — — — — - — — — — — — > 

Pi iiicillin, (olon} counts Sunival J 8 x 10' J S X 10 n 2 8x10' 2 8 X 10 i 2 8X10' 1 


uuits/ml 

liactcn i/ml 

1 itio 

(1) 

(b) 

(n) 

(b) 

(i) 

(b) 

(i) 

(b) 

(i) 

(b) 

0 00 

O 

8 

X 

10* 

1 



+ 

+ 

+ 

+ 

+ 

4- 

+ 

+ 

+ 

+ 

0 01 

i 

0 

X 

10'! 

3 5 

X 

10-2 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

0 02 

5 

0 

X 

10' 

18 

X 

10-t 

+ 

+ 

4- 

+ 

+ 

+ 

+ 

— 

• 

— 

0 04 

o 

0 

X 

10-* 

71 

X 

10-5 

+ 

+ 

+ 

+ 

— 

— 

— 

— 

— 

— 

0 00 

i 

3 

X 

10- 

40 

X 

10-5 

+ 

+ 


+ 

— 

— 

- — 

— 

— 

— 

0 08 

3 

0 

X 

101 

1 1 

X 

10-5 

+ 

+ 

— 

— 

— 

— 

— 

— 

— 

— 

0 10 

5 


X 

100 

2 

X 

10-s 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 


( i) — piedicted, (b) — e\|iei iment il , -f- = usiblc growth, — = no risible giowtli 


pemcillin, results are finally obtained like 
those shown in Table II, b and c The strain 
of Table II, c, appears to be already quite 
resistant These results fully confirm those 
of Demerec 2 

The data in Tables I and II were obtained 
by plating suitable numbers of bacteria m 
agar containing penicillin, in these cases, 
plates with the same concentration of penicil- 
lin and with d-fferent mocula give counts 
proportional to the size of the inoculum 
When some of the “resistant” strains isolated 
from patients are tested, however, the re- 
sults are often of the type illustrated in 
Table III Here the survival, given by col- 
ony counts for each concentration of penicil- 
lin, is not proportional to the size of the 


inoculum, but is much higher for heavy 
mocula 

Each one of the strains giving results of 
this latter type was found by proper tests 
to produce penicillinase Penicillin inactiva- 
tion was effected both by the whole bacterial 
cultures and by acetone-ether dried prepara- 
tions according to Harper 

Results like those recorded in Table III 
show that the protection afforded by penicil- 
linase is a mass phenomenon, occurring only 
when bacteria are inoculated m large num- 
ber The initial presence of many individu- 
als is probably needed to yield protective 
amounts of penicillinase The amounts of 
extracellular penicillinase carried over with 
a heavy inoculum are not responsible for the 
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protection, as proved by experiments in 
which the inoculum consisted of thrice washed 
cells the results were similar to those with 
the whole culture Moreover, if one uses 
a small inoculum suspended in the clear 
centrifugate of a fully grown culture, the 
amount of survival is not appreciably higher 

It is worth mentioning, incidentally, that 
in our work we found very little penicillinase 
activity in the supernatant of pemcilhnase- 
producing cultures, and no activity was re- 
covered by filtration through sintered glass, 
Seitz, or Handler filters, not even after elut- 
ing the filters with phosphate buffer 

-\n important conclusion from experiments 
like those represented m Table III is that, 
when penicillin lesistance is of the “penicil- 
linase” type, the individual cells may be 
much more sensitive than the strain appears 
to be when tested as a whole In cases like 
that illustrated bv Table III, b, the individual 
organisms are almost as sensitive as the cells 
of a sensitive strain 

Platings in penicillin agar, like those de- 
scribed in Tables I-III, represent a good test 
for penicillin resistance In practice, how- 
ever, the method of quantitative platings is 
not convenient because of its technical com- 
plexity It was therefore desirable to find 
out if corresponding results could be ob- 
tained in liquid medium 

For bacterial strains that do not produce 
penicillinase, we may expect that, if the bac- 
teria are inoculated into liquid medium con- 
taining various concentrations of penicillin, 
visible growth will appear whenever the 
inoculum contains at least one individual 
resistant to the concentration of penicillin 
present By using different inoculum-sizes, 
it should be possible to estimate the propor- 
tion of resistant individuals 

For bacterial strains that produce penicil- 
linase, we may expect visible growth when- 
ever enough penicillinase is produced to de- 
stroy the amount of penicillin present If 
most cells of the strain are sensitive there 
should be a large discrepancy between tubes 
with large and with small inocula In all 
cases, therefore, important mocuhim-stzc ej- 
jccts arc to be expected 

These expectations were fullv confirmed 


by experiments Table IV show’s the re- 
sults of a typical experiment with a sensitive 
strain, in w’hich different amounts of bacteria 
from the same culture were introduced into 
penicillin broth and into penicillin agar 
From the colony counts in agar the expecta- 
tion of growth in each tube was predicted 
(columns a) and compared with experimental 
results (columns b) Predicted and actual 
results coincide satisfactorily 

Similar results were obtained with all 
strains not producing penicillinase, whatever 
their degree of resistance Visible growth 
in broth appears whenever the inoculum con- 
tains at least one individual resistant to the 
concentration of penicillin employed 

In similar tests for the strains producing 
penicillinase, the tubes with heavy inoculum 
showed growth even with very high concen- 
trations of penicillin, the tubes with small 
inoculum did or did not show growth depend- 
ing on the sensitivity of the individual cells, 
as indicated by independent measurements 
of survival in agar (Table III) 

For the purpose of practical measurement 
of penicillin resistance, we recommend the 
following test, which can easily be performed 
in hospital laboratories and whose results 
can be read within 24 hours 

A good liquid medium (brain-heart in- 
fusion, tryptose broth) is tubed in 5 ml 
amounts, autoclaved, and stored in the cold 
For each test, the tubes are numbered as 
indicated in Table V Penicillin is diluted m 
phosphate buffer before the test to concen- 
tration of 5 units per ml (Solution I) and 
the required amounts are added to the tubes 
with a 1 ml pipette 

From the culture to be tested, well-grown 
but not older than 48 hours, 2 successive 
dilutions (1 100 and 1 10,000) are prepared 
m 2 tubes of the same medium used for the 
test (0 05 ml into 5 ml) 0 1 ml of the 
original culture, or of one of the dilutions, is 
then introduced into each tube as indicated 
m the table For well-grown cultures, the 
inocula from the undiluted culture and from 
the two dilutions correspond respectively to 
5 X 10', 5 X 10’, and 5 X 10 1 organisms 
The tubes are incubated and the results read 
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TABLE V 


Test for Penicillin Resistance 


Units/ml 

Penicillin 

Umts/tube 

Amts of 
Solution I 
ml/tube 

a Staphylococcus aureus NRRL 
Inoculum 

b Staphylococcus aureus 26 
Inoculum 

0 1 ml of 
cultuie 
Tube No 

0 1 ml of 
dilution 

1 100 
Tube No 

0 1 ml of 
dilution 

1 10,000 
Tube No 

0 1 ml of 
culture 
Tube No 

0 1 ml of 
dilution 

1 100 
Tube No 

0 1 ml of' 
dilution 

1 10,000 
Tube No 

0 00 

0 00 

0 

1 + 

+ 

3 + 

1 + 

2 + 

3 + 

0 05 

0 25 

0 05* 

4 + 

5 — 

6 — 

4 + 

o 4 * 

6 + 

0 20 

1 00 

0 20 

7 — 

8 — 

9 — 

7 4 - 

8 + 

9 — 

0 50 

2 50 

0 50 

10 — 

11 — ■ 

12 — 

10 + 

11 + 

12 — 


* = 1 drop from a 1 ml pipette 


TABLE VI 


Test for Penicillin Resistance 


Penicillin Inoculum 

0 1 ml of 0 1 ml of 0 1 ml of 

culture dilution 1 100 dilution 1 10,000 
uiuts/ml Tube No Tube No Tube No 


i Staphylococcus albus Slneffer 0 00 

0 05 
0 20 
0 50 
2 00 
5 00 

1> Staphylococcus albus Cle ires 0 00 

0 05 
0 20 
0 50 
2 00 
5 00 


1 

+ 

o 

+ 

3 

+ 

4 

+ 

5 

+ 

6 

4- 

7 

+ 

8 

+ 

9 

+ 

10 

+ 

11 

+ 

12 

+ 

13 

+ 

14 

± 

15 

± 

10 

+ 

17 

— 

18 

— 

1 

+ 

2 

+ 

3 

-f 

4 

+ 

5 


6 

±: 

7 

+ 

8 

— 

9 

— 

10 

+ 

11 

— 

12 

— 

13 

+ 

14 

— 

15 

— 

lb 

+ 

17 

— 

18 

— 


after 24 hours a further reading after 48 
hours may sometimes show some more posi- 
tive results 

Table V, a, shows the results for a typical 
sensitive strain, Table V, b, for a strain of 
medium resistance, Table VI for two peni- 
cillinase-producmg strains For resistant 
strains we generally repeat the test using 
amounts of penicillin ten times larger, as 
shown in Table VI The amounts of re- 
sistant and sensitive cells in each strain are 
immediately evident by an inspection of the 
tables 


Discussion The results described in this 
paper indicate a definite influence of the 
size of the inoculum m penicillin sensitivity 
tests for staphylococcus The importance 
of inoculum-size effects for penicillin activity 
has generally been belittled in the literature 
on the basis of some early observations, 


mainly concerned with gross differences in 
sensitivity 7 

The inoculum-size effects depends, first, 
on the presence in sensitive strains of a few 
mutant individuals of higher resistanse, sec- 
ond, on the occurrence of strains producing 
penicillinase but consisting of cells individual- 
ly sensitive 

The origin of the penicillinase-producing 
strains still awaits clarification Since 
strains producing large amounts of penicil- 
linase may consist of cells individually sensi- 
tive to penicillin, it seems unlikely that peni- 
cillinase production be secondarily acquired 
by resistant strains when grown in presence 
of penicillin 

T Abi alnm, E P Clnm E , Fletcher, C M , 
Gaidnei, A V , Hcatlev, X G, Jennings, M A, 
md Floiej , II IV , Lancet, 1941, 241, 177 
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The current tests for penicillin sensitivity 8 
do not take into account the inoculum size 
effects The use of paper strip tests on 
heavily inoculated plates is likely to be mis- 
leading in cases of relatively sensitive strains 
producing penicillinase 

A simple test for penicillin resistance is 
proposed, which indicates the sensitivity of 
a staphydococcus culture, the presence and 
proportion of resistant individuals in it, and 
the degree of their resistance The test also 
distinguishes resistant strains from relative- 
ly sensitive strains that produce penicillinase 
This test may appear to be too delicate be- 
cause of the fine differences in penicillin sen- 
sitivity which it reveals It must be kept in 
mind, however, that concentrations of the 
order of 0 5 units per ml are almost the high- 
est that can be obtained in the blood of pa- 
tients A reduction in blood level from 0 5 
to 0 2 units per ml m the course of treat- 
ment may give a chance for growth to re- 
sistant bacterial cells present in a relatively 
sensitive strain Moreover, the stepwise in- 
crease in bacterial resistance should lead us 

s B immelk'imp, C H , and Alaxon, T Proc Soc 
Lap Biol asd Mfd , 1942, 51, 380 , Spink, W IV , 
and Feins, Y , Science, 1941, 102, 221 


to consider any strain that is not very sensi- 
tive as a potential source of highly resistant 
variants The therapeutic use of insufficient 
concentrations of penicillin may allow these 
variants to grow and spread, thus nullifying 
the usefulness of penicillin as a therapeutic 
agent 

Infections caused by penicillinase-produc- 
ing strains consisting of individual 1 }' sensitive 
cells may be susceptible to penicillin therapy' 
if the number of bacteria present is small 
enough so that little penicillinase production 
occurs 

The use of similar tests for bacteria other 
than staphylococci should await more evi- 
dence regarding penicillin-fastness in those 
organisms 

Sum maty The results of penicillin sensi- 
tivity tests for staphylococci are influenced 
by the size of the inoculum on two accounts 
(a) the presence m sensitive strains of a 
minority of resistant individuals originating 
by mutation, and (b) the occurrence of 
penicillinase-producing strains whose cells 
are individually sensitive to penicillin A 
simple laboratory test is proposed for the 
detection and quantitative measurement of 
penicillin resistance in staphylococcus 


15223 

Effect of Anesthetics and Gonvulsants on Brain Acetylcholine Content 
J M Tobias, M A Lipton, and A A Lepinat (Introduced by R W Gerard) 

From ilie Department of Physiology Univci sity of Chicago 


Whether acetylcholine plays an important 
role in central nervous system synaptic trans- 
mission has long been a matter of interest 
It is known that central neural tissue con- 
tains the ester, can respond to its adminis- 
tration and can synthesize it Though such 
facts, taken together with information on 
peripheral conduction, may suggest a trans- 
mitter role for acetylcholine in the central 
nervous system they do not prove it There- 
fore, additional evidence has been sought, and 
one approach has been to attempt a correla- 
tion of acetylcholine content with activity 


Results have been varied Thus, stimula- 
tion of afferent nerves has been found to in- 
crease production or liberation of acetylcho- 
line by brain, 1 - but negative results have 
also been reported 3 4 Direct faradization 

i Cortell, B , Feldman, J , and Gellhorn, E , 
till T Physiol , 1941, 132, 388 
- Dikslut, B B , 7 Physiol , 1934, 80, 409 
a Ad ini, H M , McKul, B A , Obrador, S , and 
Wilson, W C , 7 Physiol , 1938, 93, 45P 

4 * cldberg, YY , and Scbnci cr, H J Physiol , 
1930, 86, 277 
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of Ihe isolated spinal cord of the rabbit 7 
and toad/’ and injection of KC1 into the 
perfused cat brain 7 have been shown to 
liberate the ester It has been reported that 
prolonged strychnine convulsions elevate 
brain acetylcholine m the frog , 1 8 but that 
neither strychnine, metrazol nor insulin con- 
vulsions raise it in the rabbit 11 In the rat, 
on the other hand, there are conflicting re- 
ports on the effect of hypoglycaemic convul- 
sions on brain acetylcholine content 1 10 The 
effect of light on retinal acetylcholine in the 
frog has also been studied, and again di- 
vergent results have been obtained 11 12 13 

In a further attempt to correlate brain 
acetylcholine with activity we have measured, 
under constant conditions, the effect of two 
anesthetics (diffuse diminution of activity) 
and tw r o convulsants (diffuse increase of ac- 
tivity) on brain acetylcholine content in the 
rat and frog 

Method Whole rat brain, including medul- 
la, was placed in a weighed homogemzer tube 
(Potter-EIvehjem) containing 2 cc of ice 
cold, esennized frog Ringer (NaCl 0 67 g, 
KCI 0 015 g, CaClj 0 012 g, NaHCO, 0 015 g, 
esenne salicylate 10 mg, and water to 100 cc) 
The tube was reweighed and homogeniza- 
tion carried out in the original 2 cc 
from the fourth through the sixth minute 
after decapitation After adding esennized 
Ringer up to a total volume of 9 cc per gram 
of tissue, the whole was mixed for one mm- 

, C X Soc Bio?, Parrs, 193G, 122, 

1214 

o Li, T H , Chin J Physiol , 1038, 13, 173 

7 Chute, A L , Feldberg, W , and Snn th, D H , 
Quart J Prp Physiol , 1940, SO, G5 

8 Locxu, O , Xaturwtw , 1937, 25, 173 

o Clnng, H C , Hsieh, XV SI , In, T H , uid 
Xiiiu, Tl N S , Chm *7 Physiol , 1938, IS, 153, 
Chong, H C, Chn, K F, Hsu, C H , md Lim, 

K IC S, 11)1(1, 1937, 12, 1, Chong, H C, Lim, 

R K S , ond Ini, Y SI , Ibid , 1938, 13, 33 , Chong, 

H C , Cluo, K F , Hsu, C H , ond Lim, R K S , 
Ibid , 1938, IS, 13 

10 XVelsh, J H , J Xcurophyno ] , 1943, 6, 329 

n Boston, D M, Psoc Soc Exp Biol and 
Med , 1945, 59, 31 

ULonge, V, Z f Physiol Chem , 1943, ~«9, /3 

it Thermon, P O , Jet a Soc Set fenn , Ser B, 
1938, 2, 5 


ute The brei was then divided into two 
parts An aliquot of one was assayed for 
free acetylcholine after centrifugation from 
the ninth to the twelfth minute at 3000 r pm 
The remaining brei, acidified to about pH 4 
wnth 05 N HC1, w r as placed in a boiling 
xvater bath for 2 minutes When cool it 
xvas neutralized to phenol red, centrifuged, 
and assayed for total acetylcholine Frog 
brain was similarly treated m a smaller 
homogemzer and made up to a final dilution 
of 10 cc per gram of tissue It was assayed 
xvithout centrifugation for total acetylcholine 
only 

The assay object was the esennized, frog, 
rectus abdominis muscle mounted in a 4 cc 
muscle chamber Emphasis has been laid 
on timing, since we have found that large 
discrepancies can result from irregular timing 

As we were interested primarily m any 
measurable relationship between acetylcholine 
content and activity, animals given con- 
vulsants were decapitated as soon as convul- 
sions began Thus, artefacts due to the 
anoxia of tonic seizures w T ere avoided 

Results The data are shown in Tables 
I and II On the average, free acetylcholine 
m rat brain w r as 67 and 35% higher after 
chloroform and nembutal anesthesia respec- 
tively than in the unanesthetized animal 
Total acetylcholine xx r as 35 and 30% higher 
than xvithout anesthesia In the frog, total 
brain acetylcholine was 20% elevated after 
nembutal Neither free nor total acetylcho- 
line xvas elevated in rats or frogs showing 
convulsive activity after picrotoxm or 
strychnine 

Our failure to find any effect of strychnine 
on frog brain acetylcholine conflicts xxath 
earlier findings of others 1 8 who have report- 
ed an increase On the other hand, strychnine 
has been claimed both to have no effect on 
rabbit brain acetylcholine 1 and to lower it 14 
These conflicting data on the effects of 
strychnine may m part be the result of dif- 
ferent degrees and duration of anoxia de- 
veloped 10 

The only data we have seen on the effect 
of anesthetics xvere incidentally reported as 

14 Feglcr, J, Kov.'irz^k, H, and Itehisz Jjac}io 
wic2, Z, Khn TTchschr , 1038, 17, 240, 667 
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TABLE r 

Effect of Anesthetics and C'onyulsants on Biam Acetylcholine Content + 


Acetylcholine in whole brun brei, ^g pei grun 

-y 

Kit Frog 


Xonmlt Chloroform Nembut il Picrotoxm Stiyclmme Normal Xcmbiital Strychnine 


free 

total 

free 

total fiee total free total free total 

total 

total 

total 

0 7 

3 3 

14 

44 

44 

5 7 

48 

0 0 

3 0 

0 9 

39 

5 4 

G 3 

GG 

0G 

3 5 

1 2 

4 5 

4 5 

53 

49 

06 

2 1 

0 8 

2 7 0 G 2 5 

54 

G 2 

48 

06 


0 9 


3 0 

58 

4 G 


0 G 0 8 

0 7 0 9 

0 5 0 0 

05 09 


0 0 

3 7 

09 

49 





0 7 

3 7 

09 

52 





0 7 

3 3 

1 0 

3 9 





10 

29 

1 3 

3 h 

09 

O O 

1 0 

2 5 

10 

3 1 

1 5 

3 3 

1 0 

2 0 

1 1 

2 G 

10 

2 4 



10 

0 2 



0 7 

2 3 



04 

■y 1 



06 

24 





0 5 

24 

0 5 

25 





09 

24 

0 G 

28 





05 

2 G 

— 

— 





06 

28 


* Data on experiment'll animals ire tabulated opposite controls run smiultmeoush 
t Aycrage noimil y allies, rat fiee 0 7 (S E 0 04) , total 2 9 (S E 0 14) 


T YBLB II 

Effect of Anesthetics md Coinulsants on Brim Acetylcholine Content 
Ayernge Uofi 'ind Sta tistical Significance * 

Eiug liumils Ayg icetj lcholine content, -y/g 


Free Total 





content 

difference 

content 

difference 

Chloroform 

10 00 nun anes 
thesia 

norm'll nts 
anesthetized 1 its 

0 G ± 0 02 

1 0 ± 0 06 

0 4 ± 0 07 

2 9 0 31 

3 9 ± 0 41 

10 ±051 

Xemlmtal 

30 nig/kg 10 GO 

normal nts 

0 8 ± 0 08 


3 3 ± 0 15 

Picrotoxin 

mm mesthesn 

anesthetized rats 

1 1 ± 0 12 

0 3 ±0 15 

4 2 ± 0 37 

0 9 ± 0 40 

20 mg/kg 

normal rats 

0 0 ± 0 09 

2 G ± 0 19 


^tndminc 

3 mg/kg 

con\ulsant nts 
normal nts 

0 8 ±0 12 
07 + 011 

0 1 ± 0 07 

2 3 -t- 0 09 
2 7 ± 0 13 

0 3 ± 0 21 

Xemfoutal 

30 mg/kg 

convulsaut rats 
normal fiogs 

OS ±0 11 

0 1 ±0 11 

2 G ± 0 07 

4 9, ± 0 2 1 

0 1 ± 0 15 

Sfnclimm 

3 mg/kg 

anesthetized flops 
normal frogs 

— 

— 

5 9 ± 0 IS 

4 9 ± 0 21 

1 0 ± 0 28 



comulsant frogs 

— 

— 

0 1 ±0 11 

03 ±027 

* Statistn il signifu nut is 

mdic ited as ±S E , not 

as ±P E 





part of a different type of investigation ln 
Three nembutalized rats yielded an average 
value of 0 35 or 0 43 (depending upon meth- 
od) micrograms of acetylcholine per gram 
of bram, yvhereas the figure for 7 normals 
yyas 0 25 or 0 35 pg per gram Here the 
direction and magnitude of difference agree 
with our findings 

In general, our values for free acetvlcholine 


in the rat brain are someyyhat higher than 
those reported elsewhere 10 Preliminary ex- 
periments lead us to believe that the differ- 
ence is probably a result of more efficient 
extraction because of finer homogenization 
obtained with the Potter-Elvehjem homo- 
gemzer than yvith the sand-m-mortar tvpe 
used bv others 

It is not yet possible to define rigorously 
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the physiological meaning of these results 
One might assume that chloroform and 
nembutal raised brain acetylcholine above a 
“normal” level, but it is equally likely that 
the values obtained during anesthesia more 
nearly approximate the “true” resting levels 
Thus greater activity whether that of the 
usual waking state or that of the more ac- 
tive, convulsive state, is paralleled by a low- 
er brain acetylcholine content than is rest 
Whether this reflects an increased rate of 
acetylcholine breakdown during activity can- 
not be said The change observed might 
have been much greater if brain regions 
rather than whole brain had been assayed 
As the experiments were done, a large change 
m a small region may have been masked by 
the diluent effect of a large volume of tissue 
m which acetylcholine content did not change 

It will be recalled that chloroform liberates 
free acetylcholine from bound precursor 
in vitro 1-1 For this reason we also used the 
quite different type of anesthetic, nembutal 
In two experiments in vitro, nembutal did not 
liberate free from bound acetylcholine m 
homogenized rat brain For this reason, 
and because bound acetylcholine was actual- 
ly increased more than the free after choloro- 
form or nembutal, our in vivo results probably 
do not reflect simple liberation of free ester 
from bound precursor It is always possible 

13 Minn, P J 6 , Tennenbium, M , and Qmste], 
J H , Biochcm T, 1938, 32, 243 


that acetylcholine may accumulate as a re- 
sult of esterase inhibition Certain depres- 
sants have been shown to have anti- 
cholinesterase activity, 2 la 17 but this is ap- 
parently not the case with chloroform or 
single large doses of barbiturate 18 

Conclusions 1 Both free and total acetyl- 
choline content of the whole rat brain are 
higher after nembutal or chloroform anesthe- 
sia (diffuse diminution of activity) than in 
the unanesthetized animal The free 
acetylcholine change is more convincing after 
chloroform, whereas the total acetylcholine 
change is more convincing after nembutal 
The total acetylcholine content of the frog 
brain is similarly elevated after nembutal 

2 Neither free nor total acetylcholine con- 
tent of rat brain differed significantly'' after 
the onset of strychnine or picrotoxin con- 
vulsions (diffuse increase of activity) from 
that found in quiet animals awake Nor did 
strychnine alter total acetylcholine content 
of the frog brain 

3 With the methods used, normal whole 
rat brain has been found to contain about 
0 7 fig of free and 2 9 fig of total acetyl- 
choline per gram wet weight, frog brain 
about 4 9 yg of total acetylcholine per gram. 

ic Bernlieim, F , and Bernheim, M , T Pharm 
and Exp Ther , 1936, 57, 427 

17 Eadie, G S , / Biol Cliem , 1941, 188, 597 

18 Admm, J , and Kovenstme, E A , Anes- 
thesia and Analr/csia, 1941, SO, 109 
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Effect of Nutrition on Susceptibility of Mice to Pneumococcal Infection 
George H Hitchings and Elvira A Falco 


From the TTellcomc Research 

Several workers have studied the effects 
of various diets on the susceptibility of mice 
and rats to induced pneumococcal infec- 
tions 1 2 3 4 For the most part, these studies 
have dealt with the effects of B vitamin de- 

''Tw.^TT^ , ind H , Put, Health 

Ren , 1942, 57, 149 

2 Bobmson, H J, and Siegel, H , J Infect Bis, 
1944, 75, 127 


Laboratories, Tuctalioe, XT 

ficiencies The observed differences between 
control and experimental animals have been 
small, and not altogether consistent from 
laboratory to laboratory 

It has been found in these laboratories 

3 West, H D , Bent, M J , Rivera, R. E , and 
Tisdale, R E , Arch Biochem , 1944, 8, 321 

4 Dn , H G, and McCIung, L S, Puoc Soc. 
Exp Biol am> Med, 1945, 59, 37 
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TABLE I 

Effect of Diet and Concentration of Inoculum on the Resistance of Mice to Pneumococcal 

Infection 


No sunmng- 


Diet 

Culture 

cone 

No of mice 

at day indicated 

Ayg sui \ ml 
days 

% 

surm al 

1 

0 

3 

4 

X 

6 

A* 

10-8 

24 

24 

20 

lb 

15 

13 

42 

54 


10-1 

10 

10 

3 

3 

a 

1 

2 0 

10 


10-fi 

56 

56 

18 

11 

10 

6 

1 91 

11 


10-1 

10 

10 

1 

0 

— 

— 

1 1 

0 

Bt 

10 0 

10 

10 

6 

4 

4 

4 

3 2 

40 

Ct 

10-o 

10 

S 

S 

6 

6 

3 

3 4 

30 

Basal 

10-o 

52 

52 

50 

48 

46 

45 

5 50 

86 


KK> 

9 

9 

9 

8 

7 

7 

52 

78 


10-1 

14 

14 

13 

13 

13 

13 

5 0 

03 


10-x 

9 

8 

7 

5 

5 

5 

38 

56 


10-2 

10 

7 

3 

3 

3 

3 

2 2 

30 


* Purina Fox Cl ion 

t Rockland Mouse Diet 

{ Stock diet of Eohmson and Siegel - 


TABLE II 


Duration of Dietara Regimen and Change m 
Susceptibility of Mice to Pneumococcal Infection 


Days on 
basal diet* 

No of 
mice 

No sui to mg 
6 days 

Aigsurvnal 
time, days 

0 

10 

4 

3 0 

1 

10 

6 

45 

4 

10 

8 

52 

5 16 

52 

45 

5 5 


* Piewous to injection Aftei injection all am 
lnals yyeie maintained on the basal diet 
Dose — KM 5 ml culture pel mouse 


that a tremendous difference in susceptibility 
to pneumococcal infection exists between mice 
which have been fed a purified diet and mice 
maintained on a commercial small-animal 
diet 

Albino mice (18 to 24 g) were injected 
intraperitoneally with 0 5 ml of a dilution 
of a 17 hour culture representing 1 0 ml of 
a I0~ G concentration The actual number of 
organisms injected varied from 235 to 700 
'as determined by plate counts The 
pneumococcus, Type I, SV-1 strain, was 
grown on proteose-peptone-blood broth, and 
was passed through mice at weekly or bi- 
weekly intervals 

The basal diet consisted of casein 180, 
salts 20, cotton-seed oil 30, cod liver oil 20 
and sucrose 750 g, supplemented by thiamin 
chloride hydrochloride 5, riboflavin 5, pyri- 


doxine chloride 2, calcium pantothenate 20, 
nicotinamide 40, p-aminobenzoic acid 20, 
2,3-dimethyl-l,4-naphthoquinone 0 2 and 
a-tocopherol 1 mg and choline chloride 1 g 
per kilo of diet respectively 

Mice not on experiment were maintained 
on commercial diet A (Table I) Experi- 
mental mice usually were fed the diet to be 
tested for 5 day's before the injection of the 
pneumococci Experimental animals were 
observed over a 6 day period, and the results 
were recorded in terms of average survival 
time (maximum 6 0) 

Results Table I shows the effect of vari- 
ous dosages of pneumococcus culture on the 
production of infection in mice which had 
been maintained on different diets It is 
seen that on diet A the mice are quite sus- 
ceptible to infection, and that it is only when 
the culture is very dilute ( 1 CH 5 ) with an 
average dose of 3 5 organisms, that any con- 
siderable proportion survives the injection 
A control group maintained on this diet, 
was injected with the culture used for each 
experiment The data of Table I (dose 10" G 
ml) represent the summation of 7 experi- 
ments with groups of 5 to 10 mice which 
gave average survival times ranging from 1 4 
to 3 0 day's and from 0 to 20 % survival at 
the termination of the experiment On diet 
B the mice appear to be somewhat less sus- 
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TABLE III 


Protocol of Exp 5, May 29, 1945 

Diet 

Xo of mice 

Xo surviving 
at dix indicated 

Aigsurui ’tl 
(lavs 

A 

1 

o 

1 

4 

0 

A* 

JO 

10 

1 

1 

1 

0 

1 4 

Basil 

10 

10 

10 

s 

8 

7 

7 0 

Biotin, inositol, folic itul 

10 

10 

10 

0 

9 

<) 

5 0 

10% bieiur’s leist 

10 

10 

9 

0 

S 

o 

4 0 

5% 70 A I lnei 

10 

10 

9 

7 

7 

<) 

4 5 

Alcoholic extract of livei 

10 

10 

10 

0 

9 

0 

5 0 


* Purlin Pox Chou 


ceptible, the average survival time, 3 2 da vs, 
is greater than am found with the same 
dosage for a group of 10 mice on diet A 
Mice on the stock diet of Robinson and 
Siegel- are less susceptible but significantly 
more susceptible than those on the purified 
diet 

Mice maintained on the basal diet are 
very resistant to pneumococcal infection 
Thus it was only when the concentration of 
pneumococcus culture reached 10" 2 , the 
equivalent of about one million lethal doses 
for mice on diet A, that any considerable 
proportion succumbed to the infection A 
control group of 5 to 10 mice, maintained 
on basal diet, was injected with the culture 
used for each experiment The data of Ta- 
ble I (dose 10~ G ml) represent the summa- 
tion of 8 such experiments which gave aver- 
age survival times ranging from 4 4 to 6 0 
days and from 60 to 100% survival 

The protocol of a representative experi- 
ment is given on Table III All animals were 
injected with 0 5 ml aliquots of the same 
culture dilution representing lO -0 ml of a 
17 hour blood bioth culture Animals were 
caged m groups of 5, with 2 groups on each 
diet Injections were completed within 45 
minutes However, to distribute evenly the 
effect of any possible change in the culture 
during this period, one group of five on 
each of the diets was inoculated before the 
second group on any diet was injected The 
composition of the diets is given in Table IV 

The time of pretreatment on the basal 
diet to effect a change in susceptibility was 
determined m the experiments reported in 
Table II It appears that if the mice are 
changed from diet A to the basal diet at the 


time of injection some increased resistance 
to the infection may result, while even a 
single day on the basal diet definitely in- 
creases the resistance 

In Table III are shown the results of a 
number of experiments designed to test the 
effect of various dietary supplements to the 
basal diet In every instance the average 
survival time of the group of mice fell within 
the range of survival times found for groups 
of 5 to 10 mice on the basal diet In only 
one instance, that of the diet m which 5% 
of the 70% alcoholic insoluble fraction of 
liver was incorporated, was the average sur- 
vival time low enough to indicate that fur- 
ther investigation would be desirable It is 
apparent that the difference between the 
basal and the commercial diet cannot be at- 
tributed to any known vitamin or, m fact 
to any known dietary essential 
Discussion A number of possible explana- 
tions exist for the difference m susceptibility 
to pneumococcal infection of mice on the 
two types of diet These theories fall into 
two mam groups Either a protective factor 
in the purified diet or a factor in the com- 
mercial diet which increases the susceptibility 
might be postulated The first appears un- 
likely The latter explanation would be 
best fitted to explain the results to date On 
this hypothesis some factor essential to the 
rapid multiplication of the pneumococcus, 
but not necessarily an absolute requirement 
for growth, would be absent from, or m Ion 
concentration in the synthetic diet This 
hypothetical substance (or substances), 
would not be essential for the mouse It 
would, in fact, be present in minimal con- 
centration in the blood and body fluids of 
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TABLE IV 

Effect of Vinous Supplements to the Purified Diet on Susceptibility of Mice to Pneumococcal 

Infection 


Supplement to basal diet 

No of mice 

No surviving 

6 dajs 

Avg survival 
time, dajs 

7c 

survav al 

Biotin, inositol* 

5 

0 

G 0 

100 

Biotin, inositol, folic acidt 

20 

18 

j 7 

90 

Alcoholic extr of Inert 

10 

9 

5 G 

90 

75% corn starch 

11 

8 

5 2 

73 

3% salts 

G 

G 

GO 

100 

12% casein 

10 

8 

5 3 

80 

12% proteose peptone 

10 

9 

5 7 

90 

2% 70 A I hvei ( 

10 

10 

G 0 

100 

5% 70 A I livei 

10 

G 

4 5 

GO 

10% brewer’s jeast 

20 

lo 

53 

75 

5% asparagine 

10 

10 

GO 

100 


Each supplement ms mcoipoi ited into the basil diet bv replicement of in equil weight 
of sucrose 

* 40 mg inositol, 400 yg biotin pei kg diet 

t 2 mg biotin, 80 mg inositol, ind 15 g folic icid coneentute (equivalent to 6 mg of folic 
icid it z= 40,000) per kg diet 

t Pi letion soluble m 70% ilcoliol equivalent to 0 8 g livei per g diet 

§ Fraction insoluble in 70% alcohol 

Dose = 10-n ml cultuie pci mouse 

the mouse, except insofar as higher levels 
were maintained by a more or less continu- 
ous supply from exogenous sources Such 
an hypothesis would explain the rapid change 
in susceptibility of the mouse which occurs 
when the dietary regimen is changed 
The conclusions to be drawn from the pres- 
ent experiments may or may not be applica- 
ble to other types and strains of pneumococci 
However, Robinson and Siegel 2 found mice 
on all purified diets to be less susceptible to 
pneumococcal infection than those on their 
stock diet The data reported here show 
similar comparative effects from their stock 
diet and the purified diets It seems likely, 
therefore, that the same factors influencing 


susceptibility may be operative in both 
laboratories 

Summary The resistance of mice to the 
intraperitoneal injection of Type I pneu- 
mococcus was found to be markedly depend- 
ent on the type of diet on which they were 
maintained Those on a purified diet sur- 
vived the equivalent of 100,000 lethal doses 
for those on a commercial laboratory diet 
This difference could not be ascribed to any 
known dietary essential 

We are indebted to Armom Laboratories for 
generous supplies of alcoholic loci extract and 
folic acid content] ate, ind to Dr Manon B Slier 
wood for plate counts dilutions, and the care of 
cultures 
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Further Purification of the Follicle-Stimulating Hormone and Its Effect in 
, Normal and Hypophysectomized 'Rats * 

W H McShan and Roland K Meyer 

I'rom the Department of Zoology, University of Jl t scon sin, Viuhson 


Follicle-stimulating hormone preparations 
have been obtained previously by the diges- 

* Supported in part lij a grant from the Wis 
cousin Alumni Research Foundation, md in part 
bv grants from Lli Lilh ind Comp inv and The 
Vbbott L ibor itoms 


tion of an aqueous extract of sheep pituitary 
powder with trypsin 1 -* The extracts ob- 

1 Arc Shan, t\ H , md ARvcr, Roland K 
('hem 1938, 12G, 301 

- McSh in, \\ H , ind Steve r, Rol md K T Biol 
( In in , 1Q40, 1 I> 473 
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tamed by this method -were biologically test- 
ed mainly by use of normal immature female 
rats, although the effect of a lew of these 
preparations m hypophysectomized rats was 
reported 1 The preparations obtained by 
the method reported in 194CP when used m 
the human being caused local reactions at 
the site of injection, which made it necessary 
to do further work in order to remove this 
local reacting factor This report is con- 
cerned with the method of removal of this 
factor, and with the assay of several prepara- 
tions in normal and hypophysectomized rats 

Experimental Removal of local reacting 
factor The procedure followed is the same 
as that reported previously 2 until the frac- 
tion of the digest which is soluble at pH 4 is 
obtained Instead of precipitating the ac- 
tive material at this stage with ethyl alcohol, 
it was dialyzed in the cold against distilled 
water which was changed 5 times This 
caused the formation of a light inactive preci- 
pitate which was separated by centrifuging 
The hormone w r as precipitated from the so- 
lution by addition of 4 volumes of 95% al- 
cohol Precipitation was aided by addition 
of 4 drops of 2N HC1 while the mixture w’as 
being stirred 

The precipitate was recovered bj cen- 
trifuging and the active material was recov- 
ered by extracting the precipitate with cold 
distilled water It was necessary to make 
at least 5 extractions using 75 ml of water 
each time for each 200 g of pituitary powder 
Thorough extraction was accomplished b> 
shaking the mixture with glass beads Dur- 
ing the third extraction the insoluble resi- 
due became gummy so that it was necessary 
to break the insoluble particles with a glass 
rod Each extraction was continued for 2 
to 4 hours followed by centrifuging and 
decantation of the extract into 1 5 liters of 
cold acetone After each extraction the ex- 
tract w r as added to the acetone to which the 
others had been mixed A few drops of 
2N HC1 were added followed by stirring 
to cause precipitation after which the mix- 
ture was allowed to stand overnight in the 

cold „ , 

The precipitate was collected by cen- 
trifuging It was dried either by washing 


with acetone or b\ lyophilizing after solu- 
tion m 0 02 M phosphate buffer of pH 7 4 
The product obtained by either of these 
methods of drying is soluble m water, or 
m 0 9% saline and can be sterilized by Seitz 
filtration 

Assay — Normal lots The total amount of 
the hormone preparation to be given to a 
single rat w'as dissolved in 4 5 ml of 0 9% 
sodium chloride Solutions of this kind 
were injected subcutaneously into 21 day old 
female rats m nine injections of 0 5 ml each 
beginning on the afternoon of the first day 
and followed by morning and afternoon in- 
jections for the next 4 days Autopsv was 
done during the morning of the sixth day 
The ovaries were removed, examined gross- 
lj r wnth the aid of transmitted light for the 
presence of follicles and corpora Jutea and 
weighed These ovaries were prepared for 
microscopic study and later they were ex- 
amined for the presence of lutein tissue 

Hypophysectomized tats Immature fe- 
male rats 28 days old were obtained from 
Sprague-Dawley, Inc These animals w r ere 
hypophysectomized on the 29th day, and the 
injections were started the following day 
when they w r ere 30 days old The total 
amount of hormone to be given each rat, 
which was usually 2 5 g,t was dissolved in 
10 ml of 0 9% sodium chloride They were 
injected subcutaneously with 0 5 ml on the 
morning and afternoon of each day for 10 
days, and were killed on the morning ol 
the eleventh day at which time the ovaries 
w r ere removed, examined, weighed and pre- 
pared for histological study Completeness 
of Inpophysectomy was determined at the 
time of autopsy by use of a binocular micro- 
scope 

Results and Discussion Assay of prepara- 
tions that contained the local reacting factor 
m normal and hypophysectomized rats The 
10 preparations listed in Table I were pre- 
pared according to the tryptic digestion 
method reported in 1940, 2 and thus con- 
tained the local reacting factor Five hun- 

I Indicates in all cases grams equnalent of 
ongaml pituitm pondu used in making the 
pnpm ition 
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TABLE I 

Assai of FSK Prepar ltions Which Caused Local Reactions m tlie Human Female * 


Prep No 

Mg per 

g eq 

Total! 
dose, g 

No ofiats 

IVt of 
oi iries, 
u g mg 

Quahtatne response 

Oi sues 

X 

Vagina 



Normal i its in 

leeted 4 5 

d is 


5000f 

11 57 

0 5 

0 

83 

tollulis null 

Of 

508 

15 10 

0 3 

0 

5G 

> * > * 

No 

514 

— 

0 5 

3 

27 

t f tj 

No 



1 0 

3 

99 

1 J 1 

O 

513 

13 50 

0 5 

3 

32 

if y j 

No 

51 G 

32 40 

0 5 

G 

50 

f ? 

O 

517 

8 33 

0 5 

G 

02 

if f f 

O 

319 

— 

0 5 

G 

105 

f y r 

O 

520 

— 

0 5 

3 

38 

f y i 

No 



1 0 

3 

100 

y j y 

O 

5°2 

1180 

0 5 

7 

41 

y y y t 

No 

523 

13 24 

0 5 

n 

j 

110 

eorpoi i 

O 

X\g 

1213 








Hi popln sectomized rats mie< left 10 tins 


5000t 

11 57 

2 3 

4 

183 

follicles onli 

O 

508 

15 10 

2 5 

5 

232 

” and fen bl pts 

O 

514 

— 

2 5 

5 

65 

” only 

O 

510 

12 40 

2 5 

5 

263 

>i ji" 

O 


* Made bv method reported in 1940- 

t FSH5000 lias made bi combining paits of piepaiations 50S, 510, 513, 513, 510, and 517 
} Indicates g equivalent of pituitarr ponder 
$ 0 indicates that vagina ins open, No that vagina ins not opui 


dred grams of pituitary powder was used in 
making each of these preparations The to- 
tal dose used for assay in normal rats in 
most cases was 0 5 g The ovarian weights 
obtained by miecting this amount of hormone 
weighed from 27 to 110 mg and the average 
was 61 mg These ovaries, with the excep- 
tion of those produced bv preparation 523, 
contained follicles only as indicated by micro- 
scopic examination at the time of autopsy 
The uteri were highlv distended in all cases, 
and certain of the preparations caused the 
vaginas to open The fact that preparation 
523 produced ovaries that contained corpora 
lutea suggests that the extract was not 
properly digested The failure of the extract 
to clear during digestion as it usually does, 
further supports this idea, and emphasizes 
the need for making a systematic study to 
determine the optimum conditions for diges- 
tion 

Preparations 5000, 508, 514 and 516 were 
tested in hypoph_\ sectomized rats by adminis- 
tering a total dose of 2 5 g over a period of 
10 days The ovaries obtained ranged m 
■weight from 65 to 263 mg, the average 
weight was 186 mg The uteri were distended 
with fluid and the \agmas were open in all 


cases Macroscopic examination of these 
ovaries showed that they contained only 
follicles with the exception of those from one 
rat injected with FSH508 w'hich contained 
a few hemorrhagic follicles 
It was found on microscopic examination 
that certain of these ovaries contained sev- 
eral patches of hvpertrophied theca cells 
One ovary contained some lutein cells, and 
there were a total of 8 small or partly formed 
corpora m four ovaries Thus these prepara- 
tions as indicated bv assays m hypophvsec- 
tomized rats contained very little luteinizing 
hormone but evidently were not completely 
devoid of luteinizing activity 
Assay of prepaiations that were free of the 
local reacting factor m normal and hypophy- 
scctomizcd rats The results of the assays in 
normal rats of 15 different follicle stimulat- 
mg preparations that were essentially free 
of the local reacting factor, are given in 
Table II These preparations W’ere tested 
by administration of 05 g and 1 g total 
doses The ovaries as indicated by macro- 
scopic examination at the time of autopsv 
contained only follicles with the exception of 
3 pairs produced bi 3 different preparations 
each gixen m a total dose of one gram The 
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tamed by this method were biologically test- 
ed mainly by use of normal immature female 
rats, although the effect of a few of these 
preparations in hypophysectomized rats was 
reported 1 The preparations obtained by 
the method reported in 1940 2 when used in 
the human being caused local reactions at 
the site of injection, which made it necessary 
to do further work in order to remove this 
local reacting factor This report is con- 
cerned with the method of removal of this 
factor, and with the assay of several prepara- 
tions in normal and hypophysectomized rats 

Experimental Removal of local reacting 
factor The procedure followed is the same 
as that reported previously 2 until the frac- 
tion of the digest which is soluble at pH 4 is 
obtained Instead of precipitating the ac- 
tive material at this stage with ethyl alcohol, 
it was dialyzed in the cold against distilled 
water which was changed 5 times This 
caused the formation of a light inactive preci- 
pitate which was separated by centrifuging 
The hormone was precipitated from the so- 
lution by addition of 4 volumes of 95% al- 
cohol Precipitation was aided by addition 
of 4 drops of 2N HC1 while the mixture was 
being stirred 

The precipitate was recovered by cen- 
trifuging and the active material was recov- 
ered by extracting the precipitate with cold 
distilled water It was necessary to make 
at least 5 extractions using 75 ml of water 
each time for each 200 g of pituitary powder 
Thorough extraction was accomplished by 
shaking the mixture with glass beads Dur- 
ing the third extraction the insoluble resi- 
due became gummy so that it was necessary 
to break the insoluble particles with a glass 
rod Each extraction was continued for 2 
to 4 hours followed by centrifuging and 
decantation of the extract into 1 5 liters of 
cold acetone After each extraction the ex- 
tract was added to the acetone to which the 
others had been mixed A few drops of 
2N HCI were added followed by stirring 
to cause precipitation after which the mix- 
ture was allowed to stand overnight in the 

cold „ , , 

The precipitate was collected by cen- 
trifuging It was dried either by cashing 


with acetone, or by lyophihzing after solu- 
tion in 0 02 M phosphate buffer of pH 7 4 
The product obtained by either of these 
methods of drying is soluble in water, or 
m 0 9% saline and can be sterilized by Seitz 
filtration 

dssay — Normal rats The total amount of 
the hormone preparation to be given to a 
single rat was dissolved in 4 5 ml of 0 9% 
sodium chloride Solutions of this kind 
were injected subcutaneously into 21 day old 
female rats m nine injections of 0 5 ml each 
beginning on the afternoon of the first day 
and followed by morning and afternoon in- 
jections for the next 4 days Autopsv was 
done during the morning of the sixth day 
The ovaries were removed, examined gross- 
ly with the aid of transmitted light for the 
presence of follicles and corpora lutea, and 
weighed These ovaries W’ere prepared for 
microscopic study and later they were ex- 
amined for the presence of lutein tissue 
Hypophysectomized rats Immature fe- 
male rats 28 days old were obtained from 
Sprague-Dawdey, Inc These animals were 
hypophysectomized on the 29th day, and the 
injections were started the following day 
when they were 30 days old The total 
amount of hormone to be given each rat, 
w'hich was usually 2 5 g,t was dissolved in 
10 ml of 0 9% sodium chloride They were 
injected subcutaneously with 0 5 ml on the 
morning and afternoon of each day for 10 
days, and were killed on the morning of 
the eleventh day at which time the ovaries 
were removed, examined, weighed and pre- 
pared for histological study Completeness 
of hyp op hys ec t omy was determined at the 
time of autopsy by use of a binocular micro- 
scope 

Results and Discussion Assay of picpara- 
tions that contained the local reacting factor 
m normal and hypophvsectomized rats The 
10 preparations listed m Table I were pre- 
pared according to the tryptic digestion 
method reported in 1940, 2 and thus con- 
tained the local reacting factor Five hun- 

t Jndicites m ill cusps gi inis equnalent of 
ongiml pitnitm jioudci used in unking the 
jntjni ition 
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clear that this preparation contained very 
little luteinizing activity as indicated by the 
administration of a total dose of 2 5 g over 
a period of 10 days This demonstrates 
that follicle-stimulating preparations of a 
high degree of physiological purity can be 
obtained by the tryptic digestion method as 
described in this report 

The criteria used in assaying follicle-stim- 
ulating preparations obtained by the tryptic 
digestion method are relativ ely large in- 
creases m the Heights of the o\ aries of nor- 
mal and hypophy sectomized rats without the 
production of any lutem tissue or discrete 
corpora lutea If these rigid specifications 
are to be the basis for determining the ab- 
solute purity of follicle-stimulating prepara- 
tions then not all preparations obtained by 
try ptic digestion are physiologically pure 
These preparations are suitable for many 
practical purposes as demonstrated by their 
use in human beings 3 and m laboratory' and 
domestic animals 430 The large doses and 
long injection periods used m testing the 
preparations are believed to be suitable for 
the maumum expression of any small amount 
of luteimzer that might be present m the 
preparations When intact immature rats 
were used for assay' most of our preparations 
ha\e produced ovaries that contained only' 
follicles as indicated by macroscopic exam- 
ination We bebeve that results of this hind 
when obtained consistently, indicate that 
this method in which intact rats are used 
is as sensible for detecbng small amounts 
of luteimzer m the presence of follicle-stimu- 
lating hormone as are hypophy sectomized 
rats This is because the intact rat has a 
normal endocrine balance and the secretion 
of luteimzer by the animal’s own pituitary 
gland would be added to any traces present 

i Cisidi, L E Moor R K MeSlnii VV H, 
mid WismcVv W Am J ret , 1043 4 76 
” VT wrick E T , Murphree R L , Cisidt L E, 
'ind Meier, R K Anat Ecc , 1943, 87 270 
r C I'vid'i, L E VYirmcK, E J -ind Merer R K 
! iimnn? tenure, 1044 3 , 22 


m the follicle-stimulating preparation inject- 
ed If under these conditions a preparation 
produces o\ anes that contain only follicles 
it is behev ed the preparation has a high de- 
gree of physiological punty 

The product obtained by the trypbc diges- 
tion process is undoubtedly different chem- 
ically from preparations prepared by other 
methods such as salt fracbonation reported 
by' Greep ct a! 7 s It is also probable that 
the product obtained by the method devel- 
oped by these workers is different m its 
physiological action from that obtained by' 
tryptic digestion as little increase in ovanan 
weight resulted and no secretion of estrogen 
was obtained even when large doses were 
given to hypophy sectomized rats® Another 
difference is that these workers used fresh 
hog pituitary glands in their work on chemi- 
cal fracbonation while whole sheep pituitary 
powder was used m the trypbc digestion 
method Further study is needed to deter- 
mine whether these variables are responsible 
for the different physiological effects pro- 
duced by the two kinds of preparations 

Summary A method is described for the 
preparation of follicle-stimulating prepara- 
tions by' tryptic digestion and the removal 
of a fraction which caused reacbons m the 
human being at the site of injection 

Preparabons made by the tryptic diges- 
tion method before and after it was changed 
to remove the local reacting factor were as- 
sayed both m normal and hypophy sectom- 
ized rats By macroscopic observation the 
ovaries from both kinds of rats appeared to 
contain only follicles but microscopic exam- 
ination showed that a few contained lutem 
tissue indicating that not all the preparations 
were entirely devoid of luteinizing activity 

* Greep R 0,VinDvke H B md Cliou B P 
Endocnnoloatt, 1P42 30, 635 

S Chow B F V in Dvhe, H B Greep B O 
Rotlien A -ind 'Uiedlovshv, T h ndocnnoloau 
1942, 30 650 

n Greep, R O VmDvhc H B -md Chow, B F, 
T Bio! Chart 1040 1 33 2SO 
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TABLE II 


Besults of the Assay 

in Noimal 

ind Ha poplia scetoimzcd Bits of Follicle stimulating 
Prepaiations * 

Prep No 

Total dose, 

S cq 

No of rats 

Wt of oa anes 

Quahtatia e response 

<• 

Oa.anes 

Tagim 

230 

10 

3 

87 

follicles tmla 

ot 

234 

0 5 

C 

38 

7 y y 

No 

234 

1 0 

0 

90 

yy yy 

O 

235 

0 5 

6 

50 

y y y 

0 

235 

1 0 

3 

00 

yy yy 

0 

236 

0 5 

3 

68 

y y yy 

0 

236 

1 0 

3 

90 

yy 

(fen CL m 1 pan oa ) 

0 

237 

0 a 

6 

35 

follicles onh 

No 

320 

0 5 

3 

42 

yy y y 

No 

321 

0 5 

3 

35 

yy yy 

No 

321 

1 0 

3 

104 

yy yy 

No 

322 

05 

6 

46 

yy y y 

No 

322 

1 0 

3 

55 

yy yy 

No 

323 

0 1 

3 

34 

y y yy 

No 

323 

1 0 

9 

60 

>> >> 

(1 pair oa aaeighed 114 
mg, contained feaa CL) 
follicles onla 

No 

327 

0 5 

6 

61 

No 

327 

1 0 

3 

102 

yy yy 

(feu CL m 1 pan o\ ) 

O 

328 

0 1 

0 

32 

follnles onla 

O 

328 

10 

15 

75 

y y y 

0 

330A 

05 

3 

41 

yy yy 


330B 

0 2a 

0 

34 

yy y 

No 

330B 

0 5 

0 

68 

y> y > 

O 

331 

0 5 

3 

36 

yy yy 

No 

331 

1 0 

3 

60 

yy yy 

No 

333 

0 ' 

b 

25 

yy y » 

No 

333 

1 0 

7 57 ” ” 

Ha pophj sectonuzed Bats 
(2 5 g gnen oaei 10 da\s) 

No 

333 

2 o 

4 

75 

follicles only 

O 


* These preparations ucrc made after the method uas chinged to nmoie the IoltI jcictmg 
factoi and several of them ueie admimsfeied to human clinical eases * 
t O indicates that \ igina uas open, No that vagina uas not open 


uteri were usually distended with fluid and 
in many cases the vaginas were not open 
It is of interest to note that 0 25 g of 
FSH330B produced ovaries that had an 
average weight of 34 mg which was almost 
as great as that obtained with 0 5 g of the 
other preparations This difference is be- 
lieved to be due to the fact that the aqueous 
extract used in making FSH330B was not 
supercentrifuged before it was digested with 
trypsin This suggests that more active 
preparations may be obtained without su- 
percentrifuging but further work is necessary 
to test this possibility Several of these 
preparations were effective m stimulating 
the ovaries of the human female, and m ad- 
dition they caused little trouble from the 


standpoint of producing local reactions at the 
injection sites 3 

FSH333 was assayed by use of hypo- 
physectonuzed rats The average weight of 
the ovaries was 75 mg and they consisted of 
follicles only as indicated by observation at 
the time of autopsy (Table II) These 
ovaries were sectioned and examined micro- 
scopically One pair of ovaries contained 
no lutein cells, another pair showed one 
small group of hypertrophied theca interna 
or granulosa cells, the third pair contained 
3 small groups of lutein cells, and the fourth 
pair had 5 very small corpora Thus it is 

i Dims M Eduard, md Ilellbauni, Arthui A, 

T Chn I ndocnvolofjiij 1044,4, 400 
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clear that this preparation contained very 
little luteinizing activity as indicated by the 
administration of a total dose of 2 S g over 
a period of 10 days This demonstrates 
that follicle-stimulating preparations of a 
high degree of physiological purity can be 
obtained by the tryptic digestion method as 
described in this report 
The criteria used m assaying follicle-stim- 
ulating preparations obtained by the tryptic 
digestion method are relatively large in- 
creases m the weights of the ovaries of nor- 
mal and hypophysectomized rats without the 
production of any lutein tissue or discrete 
corpora lutea If these rigid specifications 
are to be the basis for determining the ab- 
solute purity of follicle-stimulating prepara- 
tions, then not all preparations obtained by 
tryptic digestion are physiologically pure 
These preparations are suitable for many 
practical purposes as demonstrated by their 
use in human beings, 3 and m laboratory and 
domestic animals 4 = 0 The large doses and 
long injection periods used m testing the 
preparations are believed to be suitable for 
the maximum expression of any small amount 
of lutemizer that might be present in the 
preparations When intact immature rats 
were used for assay most of our preparations 
have produced ovaries that contained only 
follicles as indicated by macroscopic exam- 
ination We beheve that results of this hind, 
when obtained consistently, indicate that 
this method m which intact rats are used 
is as sensitive for detecting small amounts 
of lutemizer m the presence of follicle-stimu- 
lating hormone as are hypophysectomized 
rats This is because the intact rat has a 
normal endocrine balance and the secretion 
of lutemizer by the animal’s own pituitary 
gland would be added to any traces present 

•»Casida, L E, Meter, R K, McSlian, W II, 
iwl Mismcki, XV , Am .7 Tel ties, 1043,4, 7G 

'IViraid E T , Murpliree, R L,C«sidi, L E, 
iii(l Meter, R K , An at Bee , 1043, 87, 270 

o Casida, L E , V anriek, E J , md Meter, E K , 
7 l initial S cirncc 1044, *1, 22 


in the follicle-stimulating preparation inject- 
ed If, under these conditions, a preparation 
produces ovaries that contain only follicles, 
it is believed the preparation has a high de- 
gree of physiological purity 

The product obtained by the tryptic diges- 
tion process is undoubtedly different chem- 
ically from preparations prepared by other 
methods such as salt fractionation reported 
by Greep ct al~ s It is also probable that 
the product obtained by the method devel- 
oped by these workers is different in its 
physiological action from that obtained by 
tryptic digestion as little increase m ovarian 
weight resulted and no secretion of estrogen 
was obtained, even when large doses were 
given to hypophysectomized rats 0 Another 
difference is that these workers used fresh 
hog pituitary glands m their work on chemi- 
cal fractionation while whole sheep pituitary 
powder w'as used m the tryptic digestion 
method Further study is needed to deter- 
mine whether these variables are responsible 
for the different physiological effects pro- 
duced by the tw r o kinds of preparations 

Summary A method is described for the 
preparation of folhcle-stimulatmg prepara- 
tions by tryptic digestion and the removal 
of a fraction which caused reactions m the 
human being at the site of injection 

Preparations made by the tryptic diges- 
tion method before and after it was changed 
to remove the local reacting factor w r ere as- 
sayed both m normal and hypophysectom- 
ized rats By macroscopic observation the 
ovaries from both kinds of rats appeared to 
contain only follicles but microscopic exam- 
ination showed that a few contained lutein 
tissue indicating that not all the preparations 
were entirely devoid of luteinizing activity 

• Greep, E O , Van Dike, II B , and Chou, B F , 
Endocrinology, 1942, 30, G35 

S Chon, B F, Van Dike, H B, Greep, E O, 
Rotlien, A, and Slicdloiskj, T, Fndocrinology, 
1942, SO, 630 

0 Greep, R O, Van Dike, II B and Chon, B F, 
,T Biol Chcm , 1040, 1 33 289 
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Urinary Excretion of Estrogens and 17-ICetosteroids m Young, Adult Males 

With Infectious Hepatitis 

Helena Gilder and Charles L Hoagland * 

From the Hospital of The Rockefeller Institute for Medical Reseat ch, Hem York 


Male subjects with chronic diseases of the 
liver frequently display symptoms which are 
best explained by assuming an increased con- 
centration of circulating, biologically active 
estrogenic compounds Testicular atrophy, 1 
gynecomastia, decrease m total body hair, 
development of spider telangectasia, feminine 
distribution of pubic hair, and loss of 
libido, 234 include some of the phenomena 
associated with cirrhosis of the liver in the 
male In some of these cases a high output 
of urinary estrogen has been recorded, along 
with a fall in the total excretion of urinary 
androgens 

Numerous experiments with animals have 
shown that the liver inactivates, or otherwise 
disposes of large quantities of exogenous and 
endogenous estrogens 0-11 If estrogenic com- 
pounds are injected into the portal circulation, 
their systemic effects are negligible compared 

* The authors wish to acknowledge the v iluable 
technical assistance of Miss Elizabeth Van Pelt 
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to the effect of a similar quantity of hormone 
injected into extra-portal areas 12 ’ 1314 At 
least 2 major roles have been assigned to the 
liver in the metabolism of estrone, one, that 
it is rapidly effective m converting estrone to 
estradiol, and secondly, that it acts to convert 
all estrogenic materials to compounds which 
are no longer phenolic m character 9 These 
data provide a theoretical basis for explana- 
tion of the marked degree of feminization 
occasionally seen m males with advanced 
cirrhosis of the liver 1310 and suggest that 
estrogen metabolism may be significantly im- 
paired in chronic hepatic insufficiency 
In the present study an attempt has been 
made to learn whether defective estrogen 
metabolism 1 kewise occurs in acute infectious 
hepatitis At the same time studies on the 
urinary excretion of the total 1 7-ketosteroids 
have been carried out m order to learn if 
the metabolism of androgens may also be 
affected in acute liver insufficiency The re- 
sults of serial studies of the urinary excretion 
of estrogens and 17-hetosteroids m 11 males 
with infectious hepatitis are recorded m the 
accompanying graph (Fig 1) All patients 
selected for this study were young adult males, 
previously in good health, and with no demon- 
strable diseases other than hepatitis The 
number of days following the appearance of 
the first symptoms are recorded on the 
abscissa The concentration of free urinary 
estrogen and total 17-hetosteroids, in micro- 
grams and milligrams per 24 hours, respec- 

12 Golden, J B, and Semngliaus, E L, Proc 
Soc Exp Biol and Med , 1938, 39, 361 

laBisbmd, G R, and Mejei, M A, Proc Soc 
Exp Biol and Med , 1943, 53, 91 
H Segaloff, A , Endoci mology, 1943, 3 5, 209 
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Graph showing values for the urmarj excretion of estrogens and 17 Ketosteroids in aoung, 
adult males with infectious hepatitis 


tively, has been plotted on the ordinate The 
estrogen assays were carried out by a modifica- 
tion of the Allen-Doisy technic, 17 ls in which 


ii Tinier, S A, Doisy, E A, Jr, and Doisy, 
E A , Yale J Bio? am? Med , 1944, 17, 19 

18 Allen, E , and Doisi, E A , J Am Med Assn , 
1013, 81, S19 


0 1 cc of a urine extract prepared by hydrol- 
ysis, extraction with carbon tetrachloride, and 
concentration of the phenolic compounds m 
the standard manner, was injected 4 times in 
48 hours into spayed mice, and vaginal smears 
studied on the third day An average of 15 
animals were used for each urine extract The 
method for the 17-hetosteroids was essentially 
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Male subjects with chronic diseases of the 
liver frequently display symptoms which are 
best explained by assuming an increased con- 
centration of circulating, biologically active 
estrogenic compounds Testicular atrophy, 1 
gynecomastia, decrease m total body hair, 
development of spider telangectasia, feminine 
distribution of pubic hair, and loss of 
libido, 2 3 4 include some of the phenomena 
associated with cirrhosis of the liver m the 
male In some of these cases a high output 
of urinary estrogen has been recorded, along 
with a fall in the total excretion of urinary 
androgens 

Numerous experiments with animals have 
shown that the liver inactivates, or otherwise 
disposes of large quantities of exogenous and 
endogenous estrogens °~ u If estrogenic com- 
pounds are injected into the portal circulation, 
their systemic effects are negligible compared 
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technical assistance of Miss Elizabeth Van Pelt 
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to the effect of a similar quantity of hormone 
injected into extra-portal areas 12 18 14 At 
least 2 major roles have been assigned to the 
liver in the metabolism of estrone, one, that 
it is rapidly effective in converting estrone to 
estradiol, and secondly, that it acts to convert 
all estrogenic materials to compounds which 
are no longer phenolic in character 9 These 
data provide a theoretical basis for explana- 
tion of the marked degree of feminization 
occasionally seen in males with advanced 
cirrhosis of the liver 1318 and suggest that 
estrogen metabolism may be significantly im- 
paired in chronic hepatic insufficiency 

In the present study an attempt has been 
made to learn whether defective estrogen 
metabolism 1 kewise occurs in acute infectious 
hepatitis At the same time studies on the 
urinary excretion of the total 17-hetosteroids 
have been carried out m order to learn if 
the metabolism of androgens may also be 
affected in acute liver insufficiency The re- 
sults of serial studies of the urinary excretion 
of estrogens and 17-ketosteroids m 11 males 
with infectious hepatitis are recorded in the 
accompanying graph (Fig 1) All patients 
selected for this study were young adult males, 
previously in good health, and with no demon- 
strable diseases other than hepatitis The 
number of days following the appearance of 
the first symptoms are recorded on the 
abscissa The concentration of free urinary 
estrogen and total 17-hetosteroids, in micro- 
grams and milligrams per 24 hours, respec- 

12 Golden, J B , and Sevrmghaus, E L , Proc 
S oc E.xp Biol and Med , 193S, 30, 3 61 

13 Biskmd, G R, and Meyei, M A, Proc Soc 
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Graph showing nlucs for the urnnrj excretion of estiogens and 17 hetosteroids m aoung, 
adult males with infectious hepatitis 

tivety, has been plotted on the ordinate The 0 1 cc of a urine extract prepared by liydrol- 
estrogen assays were carried out by a modifica- ysis, extraction with carbon tetrachloride, and 
tion of the Allen-Doisy technic, 17 ls m which concentration of the phenolic compounds m 

- — the standard manner, was injected 4 times in 

17 Thayer, S A, Doisj, E A, Jr, ana Doisy, 48 hours into spayed mice, and vaginal smears 
3 j A, Talc J Bwl and Med, 1044 , 17, 19 studied on the third day An average of 15 

18 Allen, E , and Doisa, E A , J Am Med Assn, animals were used for each urine extract The 
i°23, 81, si*» method for the 17-hetosteroids was essentially 
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that of Talbot, 18 with modifications suggested 
by Dr Ephraim Shorr 20 In general the 
methods proved to be reliable, and the results 
reproducible 

The range of excretion of estrogens in 
normal males is low, and quite varied More- 
over, the values depend to a great extent upon 
the technic employed for the preparation of 
the urinary extract and upon the method used 
for assay It was decided, therefore, to follow 
the estrogen excretion of each patient at fre- 
quent intervals throughout the course of the 
disease, and to use as a control base line for 
each case the quantity of estrogenic substances 
excreted following recovery from hepatitis 

With the convalescent level as a control, it 
may be seen that in nearly every case there 
was a significant rise in estrogen excretion 
during the acute phase of hepatitis, and that 
a diminishing elevation in estrogen excretion 
was maintained until relatively late in con- 
valescence In Subject 7, values for the 
urinary excretion of estrogens were high 
within the first 5 days following the onset of 
the disease process By the I2th day an 
abrupt fall had occurred, associated with 
marked clinical improvement No further 
drop in estrogen excretion was observed How- 
ever, on the 45th day after onset of the 
disease, a significant rise in the excretion of 
urinary estrogens had again occurred, coin- 
cident with a return of clinical signs of 
hepatitis Following clinical recovery of the 
patient, normal values were recorded for the 
urinary excretion of estrogens of 2 9 pg per 
24 hours Delayed clinical recovery m another 
patient with hepatitis, Case No 6, was like- 
wise reflected m a persistent moderate eleva- 
tion of urinary estrogens Further studies, 
attempting to relate persistent elevation in 
urinary estrogen excretion to delay in con- 
valescence and chromcity in infectious hepa- 
titis are under way, and the results will be 
published subsequently 

In most cases there appeared to be a sig- 
nificant correlation between the seventy of the 

n Talbot, X B, Bum 111 , R A, Unci uhlin, 
h A , Did' Wolfe J K, T Clin Lndocnnologij, 
1941, 1, C6S 

lOShon, E P, pel son il comimimc ition 


attack of acute hepatic insufficiency, as judged 
from the results of clinical and laboratory 
studies, and the estrogenic activity of the 
urine For example, Case No 5 and No 11, 
in whom normal values for the urinary excre- 
tion of estrogens were recorded during the 
course of the disease, presented exceptionallv 
mild symptoms of infectious hepatitis requir- 
ing only 20 and 28 days, respectively for com- 
plete clinical recovery' 

The normal range of the urinary level of 
1 7-ketosteroids m males, like that for the 
estrogens, is variable, with most reports plac- 
ing values at 8-28 mg per 24-hour period of 
urinary' excretion Again because of the wide 
variation m the normal level of androgen 
excretion, it was considered that the con- 
valescent level of 17-ketosteroids provided the 
best possible normal base line for each patient, 
and the most effective standard for a com- 
parison of the degree of aberration in 17- 
ketosteroid excretion occurring in each case 
during the acute and convalescent states of 
infectious hepatitis 

The urinary excretion of 17-ketosteroids m 
the majority of cases was low in the early 
stages of hepatitis, and rose to a normal level 
during the period from the 20th to the 50th 
day of the disease, where it remained approxi- 
mately' constant In some cases the level of 
excretion was more than twice the value 
obtained during the acute stages of the disease 
In 2 cases in whom there occurred recru- 
descence of hepatitis with a return of clinical 
symptoms, the 17-ketosteroid levels of the 
urine fell again to values comparable to those 
observed during the first acute attack of the 
disease In both cases clinical recoverv was 
followed by an elevation of the urinary 17- 
ketosteroids to normal values 

At first glance there appears to have been a 
reciprocal relationship between the levels of 
excretion of estrogens and 17-ketosteroids in 
the urine of patients with acute hepatic insuf- 
ficiency Closer analysis, however, reveals 
that m all cases, a rise in 17-ketosteroids, often 
to a normal level, occurred considerablv in 
advance of a significant decrease in the lei el 
of urinarv estrogens The excretion of 17- 
ketosteroids is temporarily depressed m a 
variety of conditions, including fasting protein 
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depletion, and general debility It is quite 
possible, therefore, that the depression of the 
excretion of 17-Letosteroids observed m acute 
hepatic insufficiency may have resulted from 
the secondary effects of the disease, rather than 
to a rise m the level of active circulating estro- 
gens That reciprocal depression of androgen 
formation may occur eventually, as a result of 
the failure of the liver to accomplish the 
inactivation of estrogenic compounds, is a 
definite possibility, and may conceivably 
account for the persistent diminution m the 
excretion of 17-hetosteroids which has been 
observed m chronic hepatic insufficiency 
Summary The levels of excretion of estro- 
gens and 1 7-ketosteroids m the urine have been 
determined in 11 young adult males with 


acute infectious hepatitis, at frequent inter- 
vals, from onset of the disease to convalescence 
In 9 moderately severe cases there was a sig- 
nificant elevation in the level of excretion of 
biologically active estrogens m the urine which 
persisted at a slowly diminishing elevation 
until convalescence was considerably ad- 
vanced There was no significant increase m 
the concentration of the urinary estrogens m 
2 cases of hepatitis which presented only mild 
clinical symptoms 

Marked to moderate depression occurred in 
the level of excretion of urinary 17-keto- 
steroids early m the course of acute hepatitis, 
with a return to normal values considerably 
m advance of the period of diminished estro- 
gen excretion and of clinical recovery 
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The existence of a factor, or factors, m 
liver or yeast other than pantothenic acid, 
g-aminobenzoic acid biotin, or inositol neces- 
sary for normal pigmentation was indicated 
from earlier work m this laboratory with 
rats 1 - and dogs 1 McGinnis, Norris, and 
Heuser 1 likewise indicated the presence of an 
unidentified factor other than pantothenic acid 
in brewers’ yeast which was necessary for 
normal feathering and pigmentation in grow- 
ing Rhode Island Red chicks Cure or pre- 
\ention of the achromotrichia developed m 
rats fed sulfaguanidine or succinylsulfathiazole 
b\ administration of folic acid concentrates 

1 I rost, D t , Mooie, It inti Hum F P , Ppor 
Nc< 1 xi Pool 1 M) XIei> , 1041 4(>, 507 

- 1) mu I P Moon R iml Piost, D X , hil 
I'mt .S or lip llwl and Mat , 1042 I, 107 

I rost 11 V mil I) mn P P, T Nutrition 
1044 27, 377 

1 MiUinnis, I Norm 1 t mil Ilm-tr, G P, 
> Lint ( hun , P>42, 145, 141 


w'as reported by Martin 3 and by Wright and 
Welch G Similar results have been obtained 
in this laboratory using liver concentrates It 
appeared therefore, that the active factor 
might be identified with the L casct factor 7 
and vitamin B c 8 

Attempts have been made to develop tech- 
niques capable of assay for the unknown pig- 
mentation factor Chicks and dogs on highly 
purified diet and rats on purified diet with 
added succinylsulfathiazole hare been used 
Most consistent results have been obtained 
with growing chicks In studying the role of 
the L casct factor in hair and feather pig- 
mentation, concentrates of the vitamin pre- 
pared by one of us (F C M ) and finally the 

‘■Mu tin G, Plot Soo Exp Biol txn Med , 
1042 51 373 

•W light L I), inti VTthli, \ D, 1 \ n In hon, 
P'44 27 77 

7 PfilTm l J I , et at, ‘silence, 1943, 97 404 
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TABLE I 

Composition of Basal Cluck Diet 


g/100 g mg/100 g 


Sucrose 

58 0 

Casein S M A (iitamm fiee) 

18 0 

Gelatin 

10 0 

Salts (O &, M) 

50 

CaHPCt, 2HoO 

1 0 

MmS0 4 2 HoO 

0 04 

Corn oil 

50 

Halu ei oil 

0 03 

Cj stme 

03 

Choline 

015 

Inositol 

0 1 


Thiamine 

0 30 

Riboflavin 

0 40 

Pyndoxme 

0 40 

d(-}-) Ca pantothenate 

3 30 

Nicotinic acid 

10 00 

Mixed toeoplierols 

125 

2 Methil 1,4 naphthoquinone 

0 44 

Biotin 

0 036 

ZnCl . 

125 

CuSOi 5H.0 

150 


pure synthetic substance were used - Liver 
concentrates used in these experiments were 
first standardized against a liver fraction of 
known vitamin B c content t The standardized 
liver fraction was later assayed against the 
synthetic L casei factor Standardizations 
against pure vitamin B c and synthetic L casei 
factor gave the same values with both L casei 
and S faecalis R The active material in 
our concentrates is hereafter referred to as 
L casei factor 

The basal diet was designed to supply in 
adequate amount all dietary factors which had 
previously been associated with chromotrichial 
activity m various species, excepting only 
/i-aminobenzoic acid Particular regard was 
paid to the adequacy of copper, 9 10 11 zinc, 12 
pantothenic acid, 13 14 15 biotin, 10 and cystme 17 
The chromotrichial activity originally reported 
for />-ammobenzoic 18 acid m rats has not been 
verified 19 15 2 For this reason it was decided 
not to include it in the diet at the present 
stage of investigation 

Expci mental Day-old Black Leghorn 
chicks were fed a basal diet as shown in 

■* We nisli to think Dr E L R Stokstad of 
Ledeilc Laboratones for supplying us tlio synthetic 
h cam fictoi used in these studies 

t This Inei f notion vras standardized against 
eijstilhne Mtimin B c by Piof W H Peteison it 
the Unnersita of Wisconsin 

a Gortei, P J, Ratine, 1935, 130, 183 
10 Kcil, H L , md Nelson, V E , J Bxol Chem , 
1011, 93, 49 

nPrce, A H, Pkoc Soc Exp Biol and Med, 
1940, 44, 371 

12 Stirn, E E , Elvelijcni, 0 A , and Hart, E B , 

T iiol Chem , 1935, 109, 347 


Table I In preliminary experiments, concen- 
trates of the L casei factor from liver were 
used to determine the levels needed for growth 
Groups of 10 chicks were used and observa- 
tions were recorded weekly It was deter- 
mined that a level of 400 pg per 100 g of diet 
gave good growth, feathering, and pigmenta- 
tion over a period of 12 weeks Growth was 
about 10% greater for control chicks receiving 
10% liver fraction B (Wilson), but there was 
no observed difference in feathering and pig- 
mentation Chicks which received the L casei 
factor concentrate for only the first 2 weeks 
grew at a decreasing rate and finally began to 
lose weight after 7 weeks, however, no failure 
in pigmentation or feathering was observed in 
this group even after 10 weeks 
Preliminary experiments were also con- 
ducted m which L casei factor concentrates 
from liver were given 5 times weekly by injec- 
tion in amounts calculated to supply 1, 2 S, S, 
10, and 20 fig of the factor per day In this 
run the fullness of feathering was proportional 
to the level of L casei factor up to the 10 jug 

l3Gjoigi, P, and Poling, C E, Science, 1940, 
93, 202 

H Unna, K , Biclnrds, G V , and Sampson, 

\\ L , J Nutrition, 1941, 22, 553 

l s Huidei son, L M , Melntire, J M , Waisman, 

H A , and Blveli}em, C A , J Nutrition, 1942, 
23, 47 

io Gjoiga, P , md Poling, O E , Proc Soc Exp 
Biol and Med, 1940, 45, 773 

l" Paicek, P , and Baum, H M , Proc Soc Exp 
Biol and Med , 1941, 47, 271 

18 Ansbacliei, S, Science, 1941, 93, 104 
io Emcison, 6 , Proc Soc E\.p Biol and Med, 
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TABLE II 

Growth Feathering, nul Pigmentation of Clucks Recoiling Vinous Lciels ot Sxntlietn. L casei Fictoi 
by Injection Comparison with L casei Factoi Conecntiatc from Lner and mth 10% Bi ewer ’s Yeast 

Supplement 


XVecKfe 

Synthetic L casei 
i pg 

Wt, g Feithenng 

factoi 

Pigmcn 

tation 

% 

Svntlictie L case i factor 

2 5 pg 

Pigmen 

tation 

X\t, g Fcatlienng % 

Synthetic L casei factor 

5 pg 

Pigmen 

tation 

XYt, g Fcatlienng % 

1 

44 



40 



46 



O 

75 



80 



84 



3 

100 



127 



146 



4 

119 



164 



211 



5 

132 

Vcr} poor 

a 

193 

Pool 

10 

2G0 

Subliminal 

25 

0 

153 

3 3 3} 

0 

234 

3 J 

10 

310 


40 

7 

157 

3 7 3 y 

0 

242 

13 

40 

360 

3 3 

40 

8 

176 

7 7 3} 

0 

291 

1 7 

40 

436 

3 7 

GO 

9 

172* 

3 3 33 

10 

30 8t 

3 3 

50 

450 

7 3 

60 


Sxnthotie L casei 

f ictoi 

Jj ca sci 

factor concentiate 






10 pg 



10 pg 


10% biener’s yeast 




Pigmen 


Pigmen 


Pigmen 




tation 



tation 



tation 

\\ wt.s 

Wt,g 

Feathering 

% 

wt, g 

Feathering 

% 

wt, g 

Fe ithermg 

% 

1 

44 



45 



45 



j 

78 



80 



81 



3 

130 



135 



147 



4 

195 



207 



230 



5 

264 

Normal 

too 

275 

Normal 

90 

300 

Normal 

100 

C 

346 

> 1 

100 

348 

7 3 

90 

35S 

3 3 

100 

7 

374 

3 ^ 

100 

409 

1 1 

00 

458 

3 3 

100 

8 

477 

♦ 3 

100 

405 

1 3 

90 

504 

3 3 

100 

Q 

348 

t » 

100 

544 

3 3 

90 

666 

3 3 

100 


* Onlj 3 ducks sunned 
t Onl> 4 clucks sunned 


level -where it was normal Depigmentation 
was marked at the 5 and 10 pg levels At the 
loner levels, the feathers were poorly devel- 
oped and the chicks had a ragged and scran ny 
appearance Growth was in proportion to 
the level of L casei factor given 

When synthetic L casei factor was made 
available to us for research purposes, the 
above experiment was repeated at injec- 
tion levels calculated to supply 1, 2 5, 5, 
and 10 pg daily of the crystalline material 
A control group with 10% brew'ers’ yeast 
supplement added to the basal diet was run 
for comparison The results as to growth, 
feathering, and pigmentation were essentially 
similar to those above except that the 10 pg 
level of synthetic L casct factor appeared ade- 
quate for normal pigmentation, whereas the 
concentrate at this level had not proved ade- 
quate 

I he results with synthetic L casci factor 
are shown in Table II Photographs of repre- 


sentative chicks from the various groups are 
shown in Fig 1 

At the 1 and 2 5 pg levels, feathering w r as 
so poor that true depigmentation was difficult 
to discern, although the chicks gave the gen- 
eral appearance of grayness At the 5 pg 
level, chicks showed the most definite depig- 
mentation The plumage of this group w r as 
somewhat sparse, but was full enough so that 
depigmentation w-as readily apparent Both 
feathering and pigmentation were about equal 
for the group receiving 10 pg L casei factor 
by injection and the control group fed yeast 
supplement 

Depigmentation became most pronounced 
m the proximal portions after the feathers 
were fairly well developed The wing and tad 
feathers were most affected, but nearly all of 
the feathers were somewhat affected Depig- 
mentation was not discernible as quickly m 
the lower lex el groups as it was at the 5 pg 
lex el, probably because feather growth was 
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table I 

Composition of Basal Chick Diet 


g/100 g rng C OO g 


Sucrose 

58 0 

Casein SMA (\ itaimn fiee) 

18 0 

Gelatin 

10 0 

Salts (O & M) 

o 0 

CaHPOi 2II„0 

10 

MnS0 4 211/3 

0 04 

Com oil 

5 0 

Halirei oil 

0 03 

(h stme 

0 3 

Choline 

015 

Inositol 

01 


Thiamine 

0 30 

Biboflann 

0 40 

Pmdoxine 

0 40 

d(-}-) Ca pantothenate 

3 30 

Nicotinic acid 

10 00 

Mixed tocopherols 

125 

2 Methyl 1,4 naphthoquinone 

0 44 

Biotin 

0 036 

ZnCL 

125 

C 11 SO 4 HLO 

150 


pure synthetic substance were used * Liver 
concentrates used m these experiments were 
first standardized against a liver fraction of 
known vitamin B c content t The standardized 
liver fraction was later assayed against the 
synthetic L casci factor Standardizations 
against pure vitamin B c and synthetic L casci 
factor gave the same values with both L casei 
and S faecalis R The active material in 
our concentrates is hereafter referred to as 
L casei factor 

The basal diet was designed to supply m 
adequate amount all dietary factors which had 
previously been associated with chromotnchial 
activity in various species, excepting only 
/j-aminobenzoic acid Particular regard was 
paid to the adequacy of copper, 9 10 11 zinc, 12 
pantothenic acid, 13 u 10 biotm, 10 and cystine 17 
The chromotnchial activity originally reported 
for />-ammobenzoic 18 acid in rats has not been 
verified 19 15 2 For this reason it was decided 
not to include it in the diet at the present 
stage of investigation 

Expei mental Day-old Black Leghorn 
chicks were fed a basal diet as shown in 

* We uisli to thank Dr ELK Stokstad of 
Lederle Laborntones for supplying us the synthetic 
j, casei factor used m these studies 

t Tlus lnei fi action uas standardised against 
cn stallme vitamin B o bj Pi of W H Peterson at 
the TTnnersity of Wisconsin 

a Gortei, F .1 , jVc ( l' rr, 1935, ISO, 18o 
10 Keil, H L , and Nelson, V E , / Biol Chem , 
1031, 93, 49 

u Free, A H , Pnoc Soc Exp Biol and Med , 
1040, 44, 371 

12 Stirn, E E , Elvehjem, C A , and Hart, E B , 

T Biol Chem , 1935, 409, 347 


Table I In preliminary experiments, concen- 
trates of the L casei factor from liver were 
used to determine the levels needed for growth 
Groups of 10 chicks were used and observa- 
tions were recorded weekly It was deter- 
mined that a level of 400 pg per 100 g of diet 
gave good growth, feathering, and pigmenta- 
tion over a period of 12 weeks Growth was 
about 10% greater for control chicks receiving 
10% liver fraction B (Wilson), but there was 
no observed difference m feathering and pig- 
mentation Chicks which received the L casei 
factor concentrate for only the first 2 weeks 
grew at a decreasing rate and finally began to 
lose weight after 7 weeks, however, no failure 
in pigmentation or feathering was observed m 
this group even after 10 weeks 
Preliminary experiments were also con- 
ducted in which L casei factor concentrates 
from liver were given 5 times weekly by injec- 
tion m amounts calculated to supply 1, 2 5, S, 
10, and 20 fig of the factor per day In this 
run the fullness of feathering was proportional 
to the level of L casei factor up to the 10 pg 

13 Gi oi g\ , P, and Poling, C E, Science, 1940, 
92, 202 

11 TJnna, K , Bichards, G V , and Sampson, 

W h , J Nutrition, 1941, 22, 553 

us Hendu son, L M, Melnttre, J M, Waisman, 

H A, and Ehehjem, C A , J Nutrition, 1942, 
S3, 47 

10 Gyoigi, P , and Poling, C E , Prop Soc Exp 
Biot and Med, 1940, 45, 773 

it Parcel, P , and Baum, H M , Ppoo Soc Exp 
Biol and Med, 1941, 47, 271 

is Ansbacliei, S , Science, 1941, 93, 164 
io Emerson, G, Prop Soc Exp Biol and Med, 
1941, 47, 448 
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at a level which proved adequate in the case 
of liver concentrates, based on 5 jaecalis R 
assay Thus it may prove true that the 
L casei assay is a better indication of activity 
for higher animals 

The importance of pantothenic acid m 
normal pigmentation has been adequately 
emphasized The interesting observation has 
been further made® that the storage and util- 
ization of pantothenic acid in succinylsulfa- 
thiazole-fed rats is favorably influenced by 
the simultaneous administration of biotin and 
folic acid-rich concentrates Early work in 
this laboratory 1 indicated that low levels, i e , 
40-60 /xg of pantothenic acid as it occurred m 
natural products, were much more effective in 
prevention of graying in growing rats than 
levels up to 200 /xg per day of d(-(-) calcium 
pantothenate The inference was that other 
factors were acting synergistically with panto- 
thenic acid This idea seems to have support 
m much of the work to date, and it appears 
probable that the metabolic functions of the 
L casei factor and pantothenic acid are closely 
interdependent 

In line with the above reasoning it may now 
become possible to reconcile the discrepancies 
between different laboratories regarding the 
adequacy of pantothenate alone to cure or 
prevent achromotrichia in rats The adequacy 
of given levels of pantothenate for growth and 
pigmentation may to some extent be governed 
by the level of L casei factor m the diet, or 
the rate of intestinal synthesis of this factor 
Unna and Richards" observed that the re- 
quirement of pantothenate for rats decreases 
from 100 /xg per day at 3 weeks of age to 25 
/xg per day at 10 weeks of age Furthermore, 
rats started on 25-50 /xg per day of panto- 
thenate became gray but showed gradual 

-2 Unn i, K, and Richards, G V, J Nutrition, 
1942, 23, 545 


restoration of the black color of the fur as 
they approached maturity These observa- 
tions were confirmed by Henderson et al 15 
On the other hand, Williams 23 reported the 
inefficacy of even high levels of pantothenate 
to cure graying uniformly, as was also ob- 
served m this laboratory 1 Further experi- 
ments are indicated in which the L casei 
factor is supplied together with pantothenate 

The needs of the chick for the L casei factor 
are apparently not complicated by intestinal 
synthesis to the same extent as in the rat 
For the latter reason, chicks may be considered 
preferable to other species in studies dealing 
with the effect of diet on normal pigmentation 
processes 

It is significant to note that Willier 24 has 
elaborated on the common role of melano- 
phores m bringing about the pigmentation of 
hair or feathers m different species and has 
further postulated that a genetic lethal factor 
in the melanophore may be the primary cause 
of graying m man 

Summary Black Leghorn chicks were raised 
on a basal diet designed to contain the pre- 
viously recognized chromotrichial factors, ex- 
cept the L casei factor Synthetic L casei 
factor injected 5 times weekly at a level cal- 
culated to supply 10 /xg per day showed 
feathering and pigmentation comparable to 
that of chicks receiving 10% brewers’ yeast 
supplement Growth was somewhat better on 
the latter At a level of 5 /xg, feathering was 
fairly good and depigmentation xvas marked 
At 1 and 2 5 /xg levels, feathering was very 
poor Growth and feathering were in propor- 
tion to the level of L casei factor used 

Acknowledgment is nude to Hr Allnn Junmlx 
for tcchnu ll c ire of the animals 

-!3 W lllnms, I? K , Science, 1940, 92, 561 

-iWilIier, B H, Ann Surgery, 1942, 110 , 598 
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Fig l 

Chicks it nine necks of igt i eprcstuting the gioujis clinch leuiced 1, 2 5, 5, 
oi 10 fig (Iuh of synthetic L casct f utoi by- ni-jection oi 10% biewci’s ceost 
added to the basil diet 


slow er and less complete at the low'er levels 
Discussion A primary need for the L casct 
factor in the chick would appear to be for 
feather development When the need for 
feather formation is just satisfied, the needs for 
pigmentation are still not met Depigmenta- 
tion then becomes most apparent in the rapidly 
growing feathers A still higher level is needed 
to satisfy both needs completely 

Campbell, Brown, and Emmett-’ 0 have indi- 
cated that a level of 20 g.g daily of crystalline 
vitamin B c isolated from yeast, given either 
orally or parenterally to growing chicks, pro- 
duces normal growth, feathering, and blood 
values The present work indicates that a 
le\ el of about 10 jig of synthetic L casci factor 
occ ii, B A, nid Emmett, 
A D , «T htol Chem , 1944, 154 , 721 


is adequate for normal feathering and gives 
good growth It appears likely that a some- 
what higher level would have given growth 
comparable to that obtained with 10% brew T - 
ers’ yeast supplement Evidence for the exis- 
tence of separate factors required for feather- 
ing and growth has been presented by Briggs, 
Luckev, Elvehjem, and Hart 21 The multi- 
plicity of forms in w’hich the L case: factor 
apparently occurs m nature requires clarifica- 
tion with regard to this possibility 

In separate experiments we have used con- 
centrates of a fermentation product highly 
active for S faccalts R , but only slightly 
active for L casct These concentrates gave 
very' poor growth and feathering when used 

-i Bliggs, G it , Linker, T D , EhcJiyem, C A , 
■md IT irt, E B , T Biol Chun , 1<144, 423 
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at a level which proved adequate in the case 
of liver concentrates, based on S faecalis R 
assay Thus it may prove true that the 
L casei assay is a better indication of activity 
for higher animals 

The importance of pantothenic acid in 
normal pigmentation has been adequately 
emphasized The interesting observation has 
been further made® that the storage and util- 
ization of pantothenic acid in succmylsulfa- 
thiazole-fed rats is favorably influenced by 
the simultaneous administration of biotin and 
folic acid-rich concentrates Early work m 
this laboratory 1 indicated that low levels, * e , 
40-60 /xg of pantothenic acid as it occurred m 
natural products, were much more effective in 
prevention of graying in growing rats than 
levels up to 200 /xg per day of d(-{-) calcium 
pantothenate The inference was that other 
factors were acting synergistically with panto- 
thenic acid This idea seems to have support 
in much of the work to date, and it appears 
probable that the metabolic functions of the 
L casei factor and pantothenic acid are closely 
interdependent 

In line with the above reasoning it may now 
become possible to reconcile the discrepancies 
between different laboratories regarding the 
adequacy of pantothenate alone to cure or 
prevent achromotrichia m rats The adequacy 
of given levels of pantothenate for growth and 
pigmentation may to some extent be governed 
by the level of L casei factor in the diet, or 
the rate of intestinal synthesis of this factor 
Unna and Richards 22 observed that the re- 
quirement of pantothenate for rats decreases 
from 100 jig per day at 3 weeks of age to 25 
/xg per day at 10 weeks of age Furthermore, 
rats started on 25-50 jig per day of panto- 
thenate became gray but showed gradual 

-- Unna, K, and Richards, G V, J Nutrition, 
1942, 23, 545 


restoration of the black color of the fur as 
they approached maturity These observa- 
tions were confirmed by Henderson et al lo 
On the other hand, Williams 23 reported the 
inefficacy of even high levels of pantothenate 
to cure graying uniformly, as was also ob- 
served m this laboratory 1 Further experi- 
ments are indicated in which the L casei 
factor is supplied together with pantothenate 

The needs of the chick for the L casei factor 
are apparently not complicated by intestinal 
synthesis to the same extent as in the rat 
For the latter reason, chicks may be considered 
preferable to other species in studies dealing 
with the effect of diet on normal pigmentation 
processes 

It is significant to note that Wilber 24 has 
elaborated on the common role of melano- 
phores in bringing about the pigmentation of 
hair or feathers in different species and has 
further postulated that a genetic lethal factor 
in the melanophore may be the primary cause 
of graying in man 

Summary Black Leghorn chicks were raised 
on a basal diet designed to contain the pre- 
viously recognized chromotnchial factors, ex- 
cept the L casei factor Synthetic L casei 
factor injected 5 times weekly at a level cal- 
culated to supply 10 n g per day showed 
feathering and pigmentation comparable to- 
that of chicks receiving 10% brewers’ yeast 
supplement Growth was somewhat better on 
the latter At a level of 5 /xg, feathering was 
fairly good and depigmentation was marked 
<\t 1 and 2 5 /xg levels, feathering was very 
poor Growth and feathering were in propor- 
tion to the level of L casei factor used 

Acknowledgment is in ide to Mr Allan Junmln 
for technic il care of the animals 

-i X\ llliams, B R , Science, 1940, 92, 561 

- 4 XVillier, B H, Ann Surgery, 1942, 110, 598 
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Effect of Radon-Containing Ointment on Cutaneous Lymph Flow and 

Minute Vessels of Skin 

J Q Griffith, Jr ,* E P Pendergrass, C R Perryman, and J Hooker 
Fiom the Eobmctte Foundation and the Department of Ladiology, Hospital of the University 

of Pennsylvania 


It had been the clinical experience of one 
of us (EPP) that “Alphatron” Radon 
Ointment! was of value m the treatment of 
ulcers resulting from previous excessive ir- 
radiation The study here reported is an 
attempt to explain this effect For clarity 
of presentation, the evidence will be presented 
in the following order (1) Ex-periments 
suggesting that decreased lymphatic absorp- 
tion, and presumably therefore some degree 
of lymphatic block, is present following the 
subsidence of the acute stage of post-ir- 
radiation reaction (2) Experiments indicat- 
ing that there is hyperemia of the active type 
m man and in animals following the use of 
Radon ointment (3) Experiments showing 
in man and in normal animals there is in- 
creased lymphatic flow in the cutaneous 
area treated with Radon ointment (4) Ex- 
periments in animals indicating that the ac- 
tive hyperemia and increased cutaneous 
lymphatic flow m animals is not associated 
with increased permeability of the capillaries 
to the colloidal dve Congo red, whereas such 
increase in permeability does occur following 
excessive irradiation by x-rays (5) Result 
of the application of Radon ointment to 
cutaneous areas in men m whom local 
lymphatic block was presumed to have oc- 
curred following the injection of penicillin 

The normal human subjects were men 
between the ages of 22 and 41, the abnormal 
subjects, who received the penicillin, were 
men between the ages of 30 and SO who were 
being treated for subacute bacterial en- 
docarditis The animals used were white 
rats, of either sex, some normal and others, 

* Atwater Kent Fellow m Medicine 

J Obtained from tlio Canadian Radium and 
Uranium Cmporation, 630 Fifth Are, New York 
City, Which also pi ended funds to defray part of 
the expense of the study 


where stated, having been previously treated 
with roentgen irradiation totaling 2385 r, 
given in a single dose Radon ointment in 
all cases contained 500 electrostatic units 
per cubic centimeter, wrns applied in a film 
approximate!}' 1 mm thick, covered wnth oil 
silk fastened dowm at the edges by adhesive 
tape, and left in place for 4 hours when it 
w’as removed by gentle wiping with cotton 
Control areas were treated similarly but us- 
ing anhydrous lanolin instead of Radon 
Studies were made 24 hours after the ap- 
plication of the Radon ointment, unless oth- 
erwise expressly stated 

1 Lymphatic absorption following x-ray ir- 
radiation Lymphatic flow m the skin may 
be measured either by (a) injecting a colored 
colloidal dye as patent blue 1 into the skm 
and measuring the speed and extent of 
streamer formation, or (b) measuring the 
amount of time required for complete ab- 
sorption of a standard amount of dye so in- 
jected The first method, measuring stream- 
ers, is well adapted to show increased 
lymphatic flow, but normal flow is so slow 
that decreased flow cannot be so demon- 
strated, the second method is better adapted 
to demonstrating diminished flow 

Sixteen rats w T ere used that 3 months pre- 
viously had received roentgen therapv to 
one leg Patent blue, 0 04 cc in amount, 
w'as injected jntracutaneously into the dorsum 
of both feet, one irradiated, and the other a 
control After 24 hours, the dye had com- 
p’etely disappeared from both feet m 6 rats, 
w'hde m the other 10 it was present on the 
irradiated but not on the control side 

2 Hyperemia following application of 
Radon ointment The antecubital area of 
the forearm was examined under the capillary 

i McMaster, P D , J Exp J led, 1937, Co, 347 
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microscope 2 before and 24 hours after the 
application of Radon ointment, and compared 
with the other arm prepared as a control 
The appearance of the control arm was the 
same on both da} s The treated arm showed 
an increase in capillary loops of approxi- 
mately 100% m 7 subjects, along with some 
increase in subpapillary venous plexus in 5 
of the subjects The color was bright red, 
not cyanotic, but otherwise it could not be 
told whether the hyperemia was active or 
passive However, the dorsum of the foot of 
6 rats, similarly treated and with the op- 
posite leg as a control indicated quite clearly 
that the hyperemia was active In this area, 
the rat does not open and close cutaneous 
vessels as does man in the forearm, but 
usually only about 30% of the vessels show 
flow This was true of the control leg on 
both days and of the treated leg before treat- 
ment, but after treatment about 90% of the 
vessels showed flow, a result very compara- 
ble to that obtained 4 or 5 days after lumbar 
sympathectomy 

3 Lymphatic flow r following application 
of Radon ointment Radon ointment was 
applied m the usual way for 4 hours to the 
antecubital area of one arm m 8 normal men 
and 12 hours later 0 04 cc of patent b'ue 
was injected mtracutaneouslv into the treated 
area and into a corresponding area of the 
control arm Streamer formation was fol- 
lowed at S minute intervals for 15 minutes, 
and found to be significantly increased on 
the treated side m 6 cases and not significant- 
ly different m 2 cases Disappearance time 
was measured in 5 cases, and ranged from 
8 to 10 hours, averaging 9 hours, on the 
treated side, and 24 to 48 hours, averaging 
36 hours, on the control side 

Under sodium phenobarbital anesthesia 
lasting about 24 hours, 14 rats were treated 
with Radon ointment to one foot using the 
same dosage and time factors as for the 
human subjects However immediatelv aft- 
er the Radon and control dressings were re- 
mo\ed, both feet were miected mtracutane- 
ous v with an equal amount of patent blue 
Twenty hours later it was noted that dve 

- GrifTstli J Q, Jr, Roberts, E, md Corbit, 
H O , Jrn Heart J , 1941, 21, 47 


was present m the control foot but not in 
the treated foot of 7 animals, and had cleared 
entirel} from both feet in the remaining 7 
animals In no case was dye present m the 
treated leg after the control leg had cleared 

4 Permeability of capillaries to Congo 
red after the application of Radon ointment 
Under sodium phenobarbital anesthesia, Ra- 
don ointment was applied to one foot of 8 
normal rats, and immediately thereafter 
0 3 cc of a 5% solution of the colloidal dye 
Congo red was injected into a lugular vein 
The animals were observed at intervals for 
24 hours At no time was the treated leg 
any pinker than the control leg or the rest 
of the body By contrast, Congo red was 
injected similarly into 7 animals that had re- 
ceived 2385 r of \-ray irradiation to one leg 
one month previously Within 5 minutes 
the treated leg had become very red as com- 
pared with the control leg and other parts 
of the body 

5 Four men were available m the medical 
ward who had received manv injections of 
penicillin One man m particular had re- 
ceived hundreds of injections over a period 
of 8 months, with so much resulting discom- 
fort that he was about to refuse further 
therapv It seemed likely that the locat 
swollen areas represented areas of local 
lymphedema due to acute partial Ivmphatic- 
block from colloidal and particu 1 ate matter 
m the penicillin Improvement was striking 
m 12 hours An arm that had been held 
rigidlv because of a painful swelling near the 
scapula was freely moveab'e and the swell- 
ing was greatly decreased in size and not 
tender Previous therapy, over a period of 
more than 3 months with heat, baking light 
et cetera had been completely ineffective in 
relieving the pain and swelling In all, 12 
applications of Raoon ointment were given 
to 4 patients over areas where a painful 
swelling had appeared following an miection 
of penicillin S>\ control applications were 
given using either the inactive ointment or 
Radon ointment from a tube at least 2 weeks 
o’d In every case the control applications 
were recognized by the patient as being in- 
effective, and the treatments as effective 

Summary and Conclusions Evidence is 
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presented suggesting that the effect of Radon 
ointment applied to the shin of men and 
animals is (1) To produce active hy- 
peremia (2) To increase lymph formation 
and lymph flow without appreciably increas- 
ing capillary permeability to colloids (3) It 
is suggested that the therapeutic effect of 
Radon ointment may be apparent in these 
cases where lymph flow is diminished, per- 


haps due to partial block Evidence is of- 
fered suggesting that lymph flow is diminished 
m a limb that has, in the past, been exposed 
to excessive .x-ray irradiation Also, the re- 
sult of treating acute lesions thought to rep- 
resent partial lymphatic block following 
penicillin injections is described, with results 
that are suggestively good although the se- 
ries is too small for absolute certainty 
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Effects of Glutathione and Thioglycolhc Acid on Acid-Production by 
Lactobacillus arabniosus in Presence of Atabrine 

H F Fraser, Filadelfo Irreverre, and Marie M Grenan 
(Introduced by M Pittman ) 

Fiom the National Institute of Health, Bethesda, Md 


The action of atabrine as a competitive 
inhibitor of certain enzyme systems has been 
investigated by Wright and Sabine 1 and 
Haas - The influence of different types of 
diets upon the toxicity of atabrine for vari- 
ous laboratory animals has been studied by 
several groups of workers, and a recent ar- 
ticle by Siegel, Mushett and Emerson’ re- 
views the contributions in this field 

Silverman and Evans 4 reported on the ef- 
fects of spermine, spermidine, and other 
polj amines on the growth inhibition of 
Escherichia coli and certain soil organisms 
by atabrine These organisms are capable 
of growth on an inorganic salts-glucose medi- 
um and atabrine bactenostasis is relieved by 
spermidine On the other hand, they observed 
that atabrine bactenostasis produced in soil or- 
ganisms with complex nutrient requirements 
is not relieved by spermidine and related 
polyamines 

The purpose of this paper is to present 
data respecting the response of the Lactobacil- 
lus arabniosus (an organism with relatively 

1 Wriglit, C I , md Sabine, T C , J Biol Chem , 
1044, 135, 313 

K , , s> e , I Biol Chem , 1044, 155, 321 
3 Siegel H , Musliett, G W, md Emerson, G A , 
Proc Soc I xp Bioo a*d Med, 1945, 58, 157 
i Sib ei mm, M, md Erins, E A, J Biol Chem , 
1044, 154, 521 


complex nutrient requirements) to atabrine 
with and without the addition of glutathione 
and thioglycolhc acid to the medium 
Materials and Methods A strain of 
Lactobacillus aiabmostis 17-5 was used This 
was supplied by Dr Jerald G Wooley of 
the Division of Physiology, National Insti- 
tute of Health The procedure for growth 
of stock cultures and preparation of culture 
for inoculation was that of the U S Phar- 
macopeia, 5 using the technics employed by 
the Food and Drug Administration The 
basal medium and stock solutions were that 
of the U S Pharmacopeia for nicotinic 
acid assays 5 except that 0 25 g of bacto- 
dextrose, 0 20 g of sodium acetate and 0 5 
ug of nicotinic acid were added to each tube, 
i e , 10 ml final volume 

A distilled water solution of C P atabrine 
dihydrochloride dihydrate (2 0 X I0*’M) 
was added to the tubes in varying amounts 
in such a range that minimum and maxi- 
mum bacteriostatic effects were demonstrated 
Comparable tubes were set up which con- 
tained distilled water solutions of glutathione, 
Merck, or thioglycolhc acid practical, East- 
man, m a final concentration of 1 6 X 10" s 
molar In these experiments the pH of the 
medium was not altered by the addition of 

", u S Plan m, XTI Tnst Bound Siipplciiieent, 
1043 
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TABLE I 

1‘i.icent Inhibition of Acid Pioduction In Lactobacillus arabinosus m the Piesence of APibune 
Alone, Atabime + Glutathione, md Atabrine + Tin ogh collie Acid 


JIoln 

conccntntion 
of it-ilniiie 
in tube 

% inhibition of acid production 

r 

Atabrine 

alone 

% 

Atabrine + 
giutatlnone 
% 

Atabrine -f 
tlnogll collie acid 
% 

0 

0 

0 

0 

10 X 10-1 

24 

27 

6 

12 X 10-4 

42 

28 

14 

10 X 10-* 

91 

50 

29 

20 X 10-4 

100 

85 

56 

24 X 10-< 

98 

98 

90 


glutathione and thioglycollic acid The 
amount of bacterial growth after autoclaving, 
inoculation and incubation for 66 hours was 
measured by titrating each tube for acid 
production with 0 1 N NaOH A blank was 
always run tilth all the ingredients but no 
inoculation the amount of 0 1 N NaOH 
required for this blank was routinely sub- 
tracted from the titration values of the com- 
parable inoculated tube One hundred per- 
cent growth was the value obtained in the 
control tube which contained no atabrine 
and was inoculated The percent inhibition 
of growth induced by atabrine was computed 
by comparing the acid production by titra- 
tion under control conditions, when no 
atabrine was added, with acid production 
under experimental conditions when atabrine 
was added When the effect of glutathione 
and thioglycollic acid was being tested the 
control tubes without atabrine contained an 
amount of glutathione or thioglycollic acid 
comparable to that put in the experimental 
tubes 

Results The percent inhibition of acid 
production with atabrine alone, atabrine plus 
glutathione, and atabrine plus thioglycollic 
acid is shown in Table I The data demon- 
strate that glutathione and thioglycollic acid 
are able to reverse the bacteriostatic effect 
of atabrine over a restricted range of con- 
centration of the latter For example, when 
the molar concentration of atabrine was 
16 X 1CH the percent inhibition of acid 
production was 91%, but with a similar con- 
centration of atabrine plus glutathione the 
inhibition was 50%, and only 29% in the 


case of atabrine plus thioglycollic acid In 
the experiments carried out it was not pos- 
sible to counteract the effects of the higher 
molar concentrations of atabrine by increas- 
ing the amounts of glutathione and thio- 
glycolhc acid Lower concentrations of 
glutathione and thioglycollic acid than 
1 6 X 10" 3 were effective in counteracting 
atabrine but the results were not consistent 

In addition to the above compounds, which 
counteracted the effect of atabrine, several 
others w’ere tried under comparable condi- 
tions with negative results, these included 
d-cystine, 1-cystme, cysteine, dl-methionine, 
choline, nicotinic acid, riboflavin, and pyri- 
doxine 

In the case of E coh it has been showm 04 
that shifting the pH of the medium to values 
below’ 6 0 (w’hich permit satisfactory growth 
of £ colt) is effective m reversing the action 
of atabrine This was tried m the case of 
Lactobacillus arabinosus and a comparable 
effect was attained 

Summary Under the conditions of these 
experiments glutathione and thioglycollic 
acid are capable of reversing the growth 
inhibiting effect of atabrine on the Lactobacil- 
lus arabinosus Once the concentration of 
atabrine for complete inhibition had been 
significantly exceeded, no reversal of bac- 
tenostasis was attained by increased concen- 
tration of glutathione and thioglycollic acid 
Several additional compounds were tested 
under comparable conditions with negative 
results 

b Broil mug, C E , Gulbrinsen, K , md Keemw n, 
EL , I Path and Pact 1010, 23, 100 
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presented suggesting that the effect of Radon 
ointment applied to the skin of men and 
animals is (1) To produce active hy- 
peremia (2) To increase lymph formation 
and lymph flow without appreciably increas- 
ing capillary permeability to colloids (3) It 
is suggested that the therapeutic effect of 
Radon ointment may be apparent in these 
cases where lymph flow is diminished, per- 


haps due to partial block Evidence is of- 
fered suggesting that lymph flow is diminished 
m a limb that has, in the past, been exposed 
to excessive \-ray irradiation Also, the re- 
sult of treating acute lesions thought to rep- 
resent partial lymphatic block following 
penicillin injections is described, with results 
that are suggestively good although the se- 
ries is too small for absolute certainty 


15229 

Effects of Glutathione and Thioglycollic Acid on Acid-Production by 
Lactobacillus at abmosus in Presence of Atabrine 

H F Fraser, Filadelfo Irreverre, and Marie hi Grenan 
(Introduced by M Pittman ) 

From the National Institute of Health, Bethesila, Mi l 


The action of atabrine as a competitive 
inhibitor of certain enzyme systems has been 
investigated by Wright and Sabine 1 and 
Haas 2 The influence of different types of 
diets upon the toxicity of atabrine for vari- 
ous laboratory animals has been studied by 
several groups of workers, and a recent ar- 
ticle by Siegel, Mushett and Emerson” re- 
news the contributions m this field 


Silverman and Evans 4 reported on the ef- 
fects of spermine, spermidine, and other 
polyamines on the growth inhibition of 
Escherichia colt and certain soil organisms 
bv atabrine These organisms are capable 
of growth on an inorganic salts-glucose medi- 
um and atabrine bacteriostasis is relieved by 
spermidine On the other hand, they observed 
that atabrine bacteriostasis produced in soil or- 
ganisms with complex nutrient requirements 
is not relieved by spermidine and related 
polyammes 

The purpose of this paper is to present 
data respecting the response of the Lactobacil- 
lus arabmosus (an organism with relatively 


l XVriglit, C I, nut S'lbiiv’, T C , J Biol Client , 

1044, 155, 315 

-Hus, E, J U10? Chun, J944, 3-1 

3 Siegel H , Mushett, G W , -rad Emerson, G A , 
Pko'c Soc Exp Biol and Med , 1945, 58, 157 
-i Siheim'i", M, md Evans, E A ,J Biol Client, 


1044, 154, 321 


complex nutrient requirements) to atabrine 
ivith and without the addition of glutathione 
and thioglycollic acid to the medium 
Materials and Methods A strain of 
Lactobacillus arabmosus 17-5 was used This 
was supplied by Dr Jerald G Wooley of 
the Division of Physiology, National Insti- 
tute of Health The procedure for growth 
of stock cultures and preparation of culture 
for inoculation tvas that of the U S Phar- 
macopeia, 5 using the technics employed by 
the Food and Drug Administration The 
basal medium and stock solutions were that 
of the U S Pharmacopeia for nicotinic 
acid assays 5 except that 0 25 g of bacto- 
dextrose, 0 20 g of sodium acetate and 0 5 
fig of nicotinic acid were added to each tube, 
i e , 10 ml final volume 

A distilled w r ater solution of C P atabrine 
dihydrochloride dihydrate (2 0 X 1CKM) 
was added to the tubes m varying amounts 
in such a range that minimum and maxi- 
mum bacteriostatic effects were demonstrated 
Comparable tubes were set up which con- 
tained distilled w'ater solutions of glutathione, 
Merck, or thioglycollic acid practical, East- 
man, in a final concentration of 1 6 X 10- 3 
molar In these experiments the pH of the 
medium was not altered by the addition of 

't S Pliatm, XTI Fust Bound Supplemecnt, 
1*143 
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TABLE I 


Experimental diet 

Day of lactation 
(No ofiats) 

Total* XV BG 

Lj mpliocr tes 
and nionocj tes 
% Total* 

PMN 

% Total* 

Stock Diet I + lettuce 

Daj 5 

” 21 

(10) 

(10) 

13,095 

(8,000 21,000) 
a o 

(7,350 'l7, 300) 

70% 9,325 

(5,200 14,175) 
72% 9,035 
(4 770 14,530) 

30% 3,770 
(1,710 4,945'' 
28% 3,340 
(2,350 4,720) 

Punhul Diet S3G 

” 5 

” 21 

(7) 

(11) 

11,845 

(6,150 17,400) 
5,205 

(2,625 9,600) 

72% 8,430 

(4,670 10,265) 
83% 4,195 
(2 310 7,200) 

28% 3,415 
(1,480 7,135) 
17% 1,010 
(215 2,730) 

Punfied Diet 830 + 1 g bieueis’ ” 5 

least daili 

j } 21 

(8) 

(9) 

12,850 

(S,500 19,000) 
7,200 

(3,400 12,350) 

69% 9,025 

(4,385 16,500) 
79% 5,530 
(3,400 10,375) 

31% 3,825 
(1,700 6,690) 
21% 1,670 
(0 4,405) 

Punfied Diet 836 + 1 cc 
extr daih 

In ei 3 3 5 

33 21 

(8) 

(8) 

13,245 

(10,800 17,000) 

8 005 

(5,670 9,775) 

68% 9,000 
(6,780 13,040) 
74% 5 950 

(3,995 8,435) 

32% 4,245 
(1,860 7,515) 
26% 2,055 
(645 3,400) 

* The range is gnen 

m parentheses belou the aierage nine 




mm 3 ) occurred in two-thirds of the group 
Daily oral supplementation with 1 cc liver 
extract (Lederle 93% alcohol liver concen- 
trate H-9381-B) resulted in some improve- 
ment but not in a return to the normal blood 
picture, 1 g brewers’ yeast was somewhat 
less beneficial 

Preliminary studies were carried out with 
a folic acid concentrate (potency 5,000) 
kindly furnished by Dr R J Williams, Uni- 
versity of Texas Oral supplements of this 
concentrate, equivalent to 150 pg “folic acid” 
(ic 7 5 ftg daily) were given during the 
3-week period to the lactatmg mothers with- 
out beneficial effects on any of the criteria 
for lactation While the effects of “folic 
acid” concentrates on the other criteria for 
lactation are questionable, 3 0 there is no 
doubt concerning the curative effects of such 
concentrates or of crystalline vitamin Be 

o Cerecedo, L I? , and Vinson, L J , Arch 
Biocliem , 1914, 5, 409 


(total dose 100 fig) on the leucopenia and 
granulocytopenia of non-lactating rats main- 
tained on purified diets with sulfa drugs 7 
or even without their addition 8 Either con- 
siderably higher levels of “folic acid” or ad- 
ditional factors must be necessary for a nor- 
mal leucocyte picture during the strain of 
lactation 

Summaiy Adult stock rats maintained 
on stock diets show no changes in the uhite 
blood cells during the 3-week lactation pe- 
riod Maintenance on a purified diet dur- 
ing the same period results m a marked 
leucopenia and granulocytopenia by the 
twenty-first day Daily supplements of 
brewers’ veast or liver extract result m im- 
provement but not entire prevention of the 
blood dyscrasia 

7 Sebioll, XV H, and Daft, F S, Pub Health 
Pep , 1943, 58, 1542 

8 Kornberg, A , Daft, F S , and Sebrell, TV H , 
Proc Soc Exp Biol am> Med , 1945, 58, 4G 
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Lactation Leucopema m Rats on Purified Diets * 

Marjorie M Nelson,* Freeke van Nouhuys, and Herbert M Evans 
From the Institute of Experimental Biology, University of California, Berkeley, Calif 


Recently long-term experiments have shown 
that purified diets for rats are equivalent to 
stock diets for growth 12 and reproduction 2 
but not for lactation 123 The criteria used 
for lactation have been the percentage of 
young weaned, their average weight at wean- 
ing, and the loss in weight of the lactatmg 
mother during the lactation period In com- 
parison with the 60-70% weaning reported 
by other investigators 1 3 working with puri- 
fied diets, in this laboratory rats maintained 
throughout their entire life on a purified 
diet (836*) have weaned 90% of their 
young 2 Since this is equivalent to the lacta- 
tion performance of stock animals in our rat 
colony, this criterion has been eliminated 
from our work By placing adult stock am- 

* Aided bj gi infs from the Board of Research 
and from the Depaitment of Agnculture of the 
University of California, and the Rockefeller 
Foundation, Neu York City The follomng mate 
rials veie generously conti lbuted eiastalline B 
vitamins fiom Hoffmann La Roelio Company, 
Nutley, NJ, Ledeile Laboratories, Inc Pearl 
Rner, NY, and Meick and Company, Inc, Rah 
nay, N J , alpha tocopheiol from Merck and Com 
pary, Inc , Rilimy, N J , 93% alcohol Inei concen 
trate (H 9381 B) from Lederle Laboratones, Inc, 
Pearl Ri\ er, N Y 

t General Mills Fellou 

1 Vinson, L J , and Cereccdo, L R , Federation 
Proc , 1943, 2 , 73, Arch Biochem , 1944, 3 , 389 

2 Nelson, M M , and Evans, II M , in pi epai a 
tion 

3 Richardson, L R , and Hog m, A G , Federa- 
tion Proc , 1945, 4, 161 

4S"lts No 4 of Hegsted, D M, Mills, R C, 
Eheliycm, C A, and Halt, E B , J Biol Cliem , 
1944, 138, 459 

{ Basal diet 836 consists of alcohol extracted 
casein 24%, sucrose 64%, hydrogenated vegetab’e 
oil (Cusco) 8%, and salts! 4% Cijstalhne B 
ntamins ue added per kilogram diet thiamins 
HC1 5 rng, pyndoxme IIC1 5 mg, iiboflavin 10 mg, 
p ammob^nzoic acid 10 mg, nicotinic acid 20 mg, 
calcium pantothenate 50 mg, inositol 400 mg, and 


mals with their litters on the purified diet 
at parturition it is possible to test dietary 
factors in 3 w'eeks for their effects on the 
weaning weight of the young and the weight 
loss of the mother 2 We now wash to report 
an additional criterion for testing the ade- 
quacy of purified diets, namely, the occur- 
rence of leucopema m the lactatmg mother 
during this short period 

Piocedwe Adult stock females with their 
litters W'ere placed on the purified diet 
(836+) at parturition or were continued on 
the stock diet 3 as controls The litters were 
limited to 6 young, preferably 3 males and 
3 females, which were W'eaned on the tw'enty- 
first day following parturition Total and 
differential w'hite blood counts were carried 
out by standard procedures at 2 different 
times, near the beginning of the lactation 
period (Day 5) and at the time of weaning 
(Day 21) 

Results and Discussion Table I show's 
typical results for rats maintained on the 
stock diet or on the purified diet wuth or 
without supplements There w'as no change 
in total WBC, lymphocytes and monocytes, 
or granulocytes during the lactation period 
m animals maintained on the stock diet 
w'hereas a marked leucopema occurred by 
the twenty-first day in animals maintained 
on the purified diet (S36) All animals re- 
ceiving the purified diet (without any sup- 
pementation) showed a significant decrease 
in granular and non-granular leucocytes from 
then original level (Day 5) and the drop to 
pathological levels of granulocytes (i e 
granulocytopenia, less than 750 cells per 

choline chlonde 1 g One cc of a fat soluble 
aitam n mix ure containing 6 mg alpha tocopherol, 

115 cli ck units vitamin D, 800 U S P units \itamin 
A, and 650 mg corn oil (Mazola) is gnen ueekly 
to e'ch litter 

a W'aimvright, W' W , and Nelson, M M , Am 
Orthodontics and Oral Surgery, 1945, 81 , 400 


Identification Rickettsial Agents by Specific Complement Fixation 


77 


TABLE I 
Murine Typhus 


Complement fixation titer 


Guinea pig 
No 

Incubation 

(dais) 

Eever 

(dais) 

Scrotal 

reaction 

Epidemic 

Munne 

> 

Rocky Mountain 
spotted fe\er 

3S22 

3 

7 

"I" 

1/10 

1/320 

0 

3328 

3 

7 

+ 

1/20 

1/160 

0 

3329 

3 

7 

+ 

1/20 

1/320 

0 

3325 

4 

0 

4 - 

1/10 

1/100 

0 

3326 

3 

0 

+ 

1/20 

1/320 

0 

3330 

3 

6 

0 

1/20 

1/320 

0 

3338 

3 

6 

+ 

1/80 

1/320 

0 

3347 

4 

0 

0 

1/80 

1/040 

0 

3317 

3 

3 

4- 

1/80 

1/320 

0 

3319 

3 

5 

+ 

0 

1/160 

0 

3321 

3 

O 

4 - 

1/20 

1/1G0 

0 

3331 

3 

5 

+ 

1/10 

1/160 

0 

3332 

4 

5 

4 “ 

1/10 

1/160 

0 

3334 

3 

5 

+ 

1/20 

1/320 

0 

33)7 

3 

o 

+ 

1/10 

1/80 

0 

3341 

4 

5 

0 

1/40 

1/320 

0 

3323 

4 

4 

+ 

1/20 

1/320 

0 

3335 

5 

4 

+ 

1/80 

1/640 

0 

3344 

5 

4 

+ 

1/20 

1/100 

0 

3310 

3 

4 

+ 

1/10 

1/160 

0 

3308 

0 

3 

0 

1/40 

1/320 

0 

3311 

3 

3 

0 

1/10 

1/320 

0 

3310 

5 

3 

~b 

1/80 

1/320 

0 

3318 

4 

3 

+ 

0 

1/160 

0 

3320 

4 

3 

+ 

1/20 

1/320 

0 

3324 

4 

3 

+ 

1/20 

1/320 

0 

3327 

5 

3 

+ 

1/20 

1/320 

0 

1349 

5 

3 


0 

1/1G0 

0 

3355 

3 

3 

+ 

1/40 

1/320 

0 

3307 

5 

■> 

0 

1/10 

1/1 GO 

0 

3309 

5 

O 

0 

1/40 

1/320 

0 

3313 

4 

O 

+ 

1/40 

1/640 

0 

3333 

7 


0 

1/20 

1/320 

0 

3339 

4 


0 

1/20 

1/320 

0 

3345 

5 

2 

+ 

1/20 

1/320 

0 

3352 

5 

o 

+ 

1/80 

1/640 

0 

3300 

5 

1 

+ 

1/20 

1/160 

0 

3314 

6 

1 

+ 

1/40 

1/320 

0 

3340 

5 

1 

+ 

1/20 

1/320 

0 

3354 

5 

1 

4 - 

1/20 

1/320 

o 

3342 

0 

0 

0 

1/20 

l/3°0 

o 

3348 

0 

0 

0 

1/10 

1/160 

0 


fever and vice versa 1 - 

During the past 3 years, this laboratory 
has employed the specific complement fixa- 
tion test on specimens of convalescent guinea 
pig serum to differentiate epidemic and murme 
typhus and Rocky Mountain spotted fever 
This paper will deal with the results obtained 
m an experimental study of infections in 
guinea pigs produced with strains of these 3 
agents 

» Custoncd-i, M R, u,d Sih 
104 1, 42, 2 

- Parker, R R , Public Health Pep , 104S, 58, 721 


Experimental Murme Typhus A series 
of 50 male guinea pigs (400-500 g) was bled 
prior to inoculation m order to obtain base- 
line specimens They were then inoculated 
mtrapentoneally at the same time with the 
same pooled suspension of 1 cc of tunica 
vaginalis exudate — Wilmington strain (Both 
tunica vaginalis and testicular exudate are 
suspended in 20 cc of physiological saline ) 
Forty-two of the 50 guinea pigs survived the 
entire experiment, the others dying of inter- 
current infections 

Forty guinea pigs developed feier while 2 
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Identification of Rickettsial Agents Isolated m Guinea Pigs by Aleans of 
Specific Complement Fixation 

Harry Plotz/ K Wertman, and B L Bennett* 

From the Division of Virus and Xiclcttsial Diseases, Army Hectical School, and the U S of 
America Typhus Commission, War Department, Washington, DC 


The isolation of the agents of rickettsial 
diseases of man are usually made dn guinea 
pigs (scrub typhus is an exception, since the 
white mouse is more susceptible) Once iso- 
lated the agent is identified by its capacity 
to induce a febrile and pathologic response 
in guinea pigs (scrotal swelling or necrosis, 
enlarged spleen, etc ) or the absence of these 
reactions m other species of animals, fol- 
lowed by the demonstration of a reciprocal 
cross immunity with known rickettsial strains 
This procedure is not only time-consuming 
and expensive but presents certain difficul- 
ties because strains of the agent of a given 
disease may induce reactions in guinea pigs 
of different degree and intensity The prob- 
lem of strain identification, based on ani- 
mal reactions alone, can therefore, present 
certain difficulties, some of which are dis- 
cussed here 

When human blood, from a case of epi- 
demic typhus, is inoculated intraperitoneally 
into male guinea pigs (400-500 g), the in- 
cubation period may vary from 6 to 20 days 
followed by a febrile period of variable dura- 
tion When brain suspensions from these 
animals are passaged to other male guinea 
pigs the incubation period is shortened to 6 
or 7 days but may vary from 4 to 14 days 
(Data based on 54 separate isolations) t 

While scrotal swelling is not frequent in 
epidemic typhus, this reaction may occasion- 
ally occur Since epidemic and murine ty- 
phus confer a reciprocal cross immunity m 
guinea pigs further identification of the agent 
is made in white rats, in which animal the 
epidemic disease cannot be maintained by 

•Member, United States of America Tjphus 
Commission 

t Some technic used tluoughout Details to be 
published 


serial passage, while this is possible with 
murine typhus Since fever is an important 
expression of the experimental disease, the 
interpretation of a reaction can be confused 
when fever is caused by conditions other 
than typhus Furthermore, there are a cer- 
tain number of guinea pigs that develop an 
inapparent disease, which is characterized by 
the absence of a febrile reaction 
When infectious human blood from a case of 
murine typhus is inoculated intraperitoneally 
into male guinea pigs (400-500 g), the in- 
cubation period can vary from 4 to 14 days 
followed by a febrile period of variable dura- 
tion When scrotal exudate from these animals 
is passaged to other guinea pigs, the incuba- 
tion period is usually shortened to about 
4 or 5 days with a variation of from 2 to 10 
days This is then followed by a febrile 
period of variable duration * While scrotal 
swelling is usually present in large guinea 
pigs and Neil-Mooser cells are readily dem- 
onstrated, this reaction may be absent m 
animals even though they develop a febrile 
reaction There are other guinea pigs that 
develop an inapparent disease, with no febrile 
or scrotal reaction whatsoever 

The type of reaction induced in guinea 
pigs with the agent of Rocky Mountain 
spotted fever depends upon whether a mild 
or virulent strain is isolated The period 
of incubation with the former is usuallv 
longer, furthermore, no scrotal necrosis oc- 
curs and the guinea pigs usually survive 
With the virulent strain, the period of in- 
cubation is shorter, scrotal necrosis develops 
and death occurs in the majority of the ani- 
mals inoculated Identification of the spotted 
fever agent by cross immunity tests may 
cause some difficulty since a partial immunitv 
to Rocky Mountain spotted fever is found 
in guinea pigs convalescent from typhus 
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TABLE II 


Epidemic Tvphus 

Complement, fixation titer 


Guinea pig Incubation Fever Rockv Mountain 

Xo (tlavs) (days) Epidemic Murine spotted fcier 


761 

765 

771 
981 

759 
761 
76S 
99 4 

736 

738 
75S 
767 

769 

740 
775 
979 
9S0 
984 

739 
757 

770 

742 

743 

772 

773 
987 

990 

991 

760 
760 
977 
9S5 
9SG 

737 

741 
763 
983 

958 

959 


6 

10 

1/320 

1/10 

5 

9 

1/320 

0 

5 

9 

1/320 

0 

5 

9 

1/640 

1/20 

S 

8* 

1/1 1 0 

0 

6 

8* 

1/320 

1/10 

5 

S 

1/160 

0 

0 

8 

1/160 

0 

S 

7 

1/320 

0 

6 

7* 

1/640 

1/40 

7 

7 

1/320 

0 

9 

7 

1/1G0 

0 

5 

7 

1/320 

0 

6 

6 

1/160 

0 

7 

6 

1/040 

0 

6 

6* 

1/320 

0 

5 

6 

1/320 

0 

7 

6 

1/320 

0 

7 

5 

1/320 

0 

12 

5 

1/80 

0 

10 

5 

1/160 

0 

9 

4 

1/320 

1/10 

7 

4 

1/640 

0 

10 

4 

1/160 

0 

9 

4 

1/160 

0 

9 

4 

1/320 

0 

10 

4 

1/160 

1/20 

0 

4 

1/160 

0 

5 

3 

1/160 

1/20 

6 

3 

1/040 

1/20 

19 

O 

1/640 

n 

7 

1 

1/80 

0 

15 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o 

0 

0 

0 

o 

0 

0 

0 

0 

0 

0 

1/100 

0 


* Also had scrotal swelling 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


Mountain spotted fet'er antigen Guinea pig 
986 that developed no complement fixing 
antibodies, had fever of 104 5° F for one 
day’s duration on the 15th da\ after inocula- 
tion When subsequently challenged, with an 
epidemic strain, this animal responded with 
a febrile reaction, furthermore the epidemic 
complement fixing antibodies then appeared 
m its serum Thus the fever which was ob- 
served in this animal on the 15th day after 
primary inoculation was due to causes other 
than epidemic typhus The other 31 mem- 
bers of the group were immune when chal- 
lenged with epidemic typhus material 


There were 6 guinea pigs that did not de- 
velop a febrile reaction after the initial inocu- 
lation of infectious material (see Xo 737 
741 763, 983, 9SS, and 987 in Table II) 
It is observed that one of these guinea piss, 
Xo 989 developed specific epidemic com- 
plement fixing antibodies m convalescence 
This ammai pmv ed to be immune to ep’demic 
typhus when challenged subsequently There- 
fore guinea p g No 9S9 had an inapparent 
infection as a result of the p-imarv inocula- 
tion In contrast the other 5 guinea pigs m 
this group were not immune when chal’eng ed 
with an epidemic strain It is considered 
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show ed no febrile reaction The period of 
incubation varied from 3 to 7 days and the 
febrile period from 1 to 7 days Eleven or 
26% of the 42 guinea pigs did not develop 
a scrotal reaction and 2 of these likewise did 
not develop fever 

About 4 weeks after the initial inoculation, 
all of the guinea pigs were bled and comple- 
ment fixation tests for epidemic and murine 
typhus and Rocky Mountain spotted fever 
were performed, using the specific purified 
rickettsial antigens already described 3 4,5 0 It 
had been shown that the soluble or “common” 
antigen gave cross fixation between epidemic 
and murine typhus and, hence, differentiation 
between these diseases could not be made 
when this material was present Differentia- 
tion between these closely related diseases 
was possible, however, w'hen washed rickettsial 
suspensions, free of soluble antigen, rvere 
used as antigen Table I summarizes the 
results obtained 

All pre-moculation specimens were negative 
in complement fixation tests with the epidemic, 
murine and Rocky Mountain spotted fever 
antigens The convalescent specimens all 
gave positive reactions with the murine an- 
tigen, the titers varied between 1/80 to 
1/640 with values of 1/320 or greater in 
more than half of the specimens All but 3 
of the sera also reacted with the epidemic 
antigen, nevertheless, the titers w'ere always 
considerably lower than those obtained with 
the murine antigen The serological response 
of guinea pigs 3307, 3309, 3311, 3330, 3333, 
3339, 3341, 3342, 3347 and 3348, which de- 
veloped a febrile reaction without scrotal swell- 
ing, was indistinguishable from that of guinea 
pigs which developed both fever and scrotal 
swelling Guinea pigs 3342 and 3348 were 
of particular interest, for they had neither a 
febrile reaction nor scrotal swelling, yet they 

3 Plots, II, and Wertman, K, Science, 1942, 
35, 441 

4 Plotz, It, Science, 1943, 97, 20 

5 Plots, H , Wertman, K , Bennett, B L , Eeport 
to the Surgeon General, February 15, 1944, to be 
published 

0 plotz, II, Wertman, K, and Keagan, B L, 
TJuTleUn of the V S Arm if Medical Department, 
1944, 79, 40 


also developed complement fixing antibodies 
This serological response, together with the 
subsequent demonstration of an immunity to 
re-mfection, indicated that these 2 guinea pigs 
had had an inapparent infection There ap- 
pears to be no correlation between the titers 
obtained and the severity of the experimental 
infection, as judged by the duration of the 
febrile period or the presence or absence of 
scrotal swelling All specimens of serum were 
negative in tests with the Rocky Mountain 
spotted fever antigen 

One month after the temperatures returned 
to normal the guinea pigs were challenged by 
the mtrapentoneal inoculation of 1 cc of a 
tunica vaginalis exudate suspension (Wilming- 
ton strain) All of the guinea pigs proved 
immune, while the controls reacted m the 
usual manner 

Epidemic Typhus Fifty male guinea pigs 
(400-500 g) w»ere bled for determination of 
pre-inoculation antibody levels and then in- 
jected rntrapentoneally at the same time with 
1 cc of a 10% pooled brain suspension (Breml 
strain — guinea pigs sacrificed on the third 
febrile day) Thirty-nine of the 50 guinea 
pigs survived the entire experiment, the oth- 
ers dying of mtercurrent infection Thirty- 
three guinea pigs developed fever while 6 
showed no febrile reaction The period of 
incubation varied from 5 to 19 days followed 
by a febrile period of from 1 to 10 days 
Four of the guinea pigs developed scrotal 
swelling About 4 weeks after the initial 
inoculation all of the guinea pigs were bled 
and complement fixation tests for epidemic 
and murine typhus and Rocky Mountain 
spotted fever were performed on samples of 
serum Table II summarizes the results ob- 
tained 

All pre-moculation specimens gave negative 
results m complement fixation tests with the 
epidemic, murine or Rocky Mountain spotted 
fever antigens Sera from 32 of the 33 guinea 
pigs that developed fever showed complement 
fixation titers of 1/80 to 1/640, the majority 
being 1/320 or higher, with the epidemic 
antigen When cross fixation occurred with 
the murine antigen, the titers m these 8 in- 
stances W'ere low, never exceeding 1/40 None 
of the specimens reacted with the Rocky 
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TABLE II 


Guinea pig 
No 

Incubation 

(dnjs) 

Eei ei 
(dijs) 

f 

Epidemic 

Complement fixation titer 

Rocky Mountain 
Murine spotted f e\ er 

7(34 

6 

10 

1/320 

1/10 

0 

765 

5 

9 

1/320 

0 

0 

771 

5 

9 

1/320 

0 

0 

981 


9 

1/G40 

1/20 

0 

759 

8 

8* 

1/1(0 

0 

0 

7f>1 

6 

8* 

1/320 

1/10 

0 

768 


8 

1/160 

0 

0 

994 

G 

8 

1/160 

0 

0 

736 

8 

7 

1/320 

0 

0 

738 

6 

7* 

1/640 

1/40 

0 

758 

7 

7 

1/320 

0 

0 

767 

9 

7 

1/160 

'0 

0 

769 

5 

7 

1/320 

0 

0 

740 

6 

6 

1/160 

0 

0 

775 

7 

6 

1/640 

0 

0 

979 

(> 

6* 

1/320 

0 

0 

980 

5 

G 

1/320 

0 

0 

984 

7 

G 

1/320 

0 

0 

739 

7 

5 

1/320 

0 

0 

757 

12 

5 

1/80 

0 

0 

770 

10 

5 

1/160 

0 

0 

742 

9 

4 

1/320 

1/10 

0 

743 

7 

4 

1/640 

0 

0 

772 

10 

4 

1/160 

0 

0 

773 

9 

4 

1/160 

0 

0 

987 

9 

4 

1/320 

0 

0 

990 

10 

4 

1/160 

1/20 

0 

991 

6 

4 

1/160 

0 

0 

766 

5 

3 

1/160 

1/20 

0 

760 

6 

3 

1/640 

1/20 

0 

977 

19 

2 

1/040 

0 

0 

985 

7 

i 

1/80 

0 

0 

986 

15 

i 

0 

0 

0 

737 

0 

0 

0 

0 

0 

741 

0 

0 

0 

0 

0 

763 

0 

0 

0 

0 

0 

983 

0 

0 

0 

0 

0 

9S8 

0 

0 

0 

0 

0 

9S9 

0 

0 

1/160 

0 

0 


1 Also Ind sciotal swelling 


Mountain spotted fever antigen Guinea pig 
986 that developed no complement fixing 
antibodies, had fever of 104 5° F for one 
day’s duration on the 15th day after inocula- 
tion When subsequently challenged, with an 
epidemic strain, this animal responded with 
a febrile reaction, furthermore, the epidemic 
complement fixing antibodies then appeared 
in its serum Thus the fever which was ob- 
served in this animal on the 15th day after 
primary inoculation was due to causes other 
than epidemic typhus The other 31 mem- 
bers of the group were immune when chal- 
lenged with epidemic typhus material 


There w'ere 6 guinea pigs that did not de- 
velop a febrile reaction after the initial inocu- 
lation of infectious material (see No 737, 
741, 763, 983, 988, and 987 in Table II) 
It is observed that one of these guinea pigs, 
No 989, developed specific epidemic com- 
plement fixing antibodies in convalescence 
This animal proved to be immune to epidemic 
typhus when challenged subsequently There- 
fore, guinea p g No 989 had an inapparent 
infection as a result of the pnmarv inocula- 
tion In contrast, the other 5 guinea pigs in 
this group were not immune when chal'engsd 
with an epidemic strain It is considered 
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TABLE ill 

BocM Mountain Spotted Feier 


Complement fixation titer 


Guinn pig 

No 

Incub ition 
(dajs) 

Fcier 

(dus) 

r 

Epidemic 

Murine 

Rock} ^Mount'im 
spotted fe\er 

294 

3 

9 

0 

0 

1/320 

280 

3 

8 

0 

0 

1/320 

328 

o 

8 

0 

0 

1/320 

290 

3 

7 

0 

0 

1/640 

292 

4 

7 

0 

0 

1/320 

27G 

3 

7 

0 

0 

1/640 

260 

4 

7 

0 

0 

1/320 

286 

4 

7 

0 

0 

1/320 

288 

4 

7 

0 

0 

1/320 

190 

6 

7 

0 

0 

1/320 

191 

O 

G 

0 

0 

1/320 

284 

5 

5 

0 

0 

1/320 

189 

6 

2 

0 

0 

1/640 


that these animals represent “misses” in that 
the inoculated infectious material induced 
neither fever, an antibody response nor im- 
munity 

In another series of SO guinea pigs infected 
with different strains of epidemic typhus, 2 
guinea pigs were observed which developed 
no febrile reaction Convalescent specimens 
of serum from both of these guinea pigs 
showed the presence of epidemic complement 
ii\ing antibodies and the animals proved im- 
mune on challenge The other 48 animals 
in this series displayed fever after primary 
inoculation, developed complement fixing anti- 
bodies, and were subsequently immune when 
challenged Further evidence was acquired 
on the development of complement fixing 
antibodies in guinea pigs with an inapparent 
infection when 30 animals were inoculated 
with small doses of epidemic typhus nckettsiae 
Seventeen of the animals responded in the 
usual manner Thirteen individuals in the 
group developed no febrile reaction after in- 
oculation but epidemic complement fixing anti- 
bodies were demonstrated in samples of serum 
obtained one month later from each of the 
thirteen Finally, each of these animals proved 
to be immune when challenged with epidemic 
typhus 

Rocky Mountain Spotted Fever Thirteen 
guinea "pigs were bled for serological studies 
and then inoculated intrapentoneally with 1 cc 
amounts of a pool of infectious blood obtained 
from guinea pigs acutely ill with a mild strain 


of Rocky Mountain spotted fever A febrile 
period of from 2 to 9 days followed an incuba- 
tion period varying from 2 to 6 days The 
guinea pigs were bled 14 days after the tem- 
perature returned to normal Serum from 
each animal contained complement fixing anti- 
bodies that reacted with the Rocky Mountain 
spotted fever antigen and none that reacted 
with the epidemic or murine antigen All pre- 
moculation specimens vere negative with the 
3 antigens Data from this experiment are 
summarized m Table III 
Discussion The identification of strains 
of epidemic and murine typhus or Rocky 
Mountain spotted fever based on animal re- 
actions alone presents certain experimental 
difficulties This has been illustrated when 
guinea pigs were inoculated at the same time 
with the same amount of a pool of infectious 
material Irrespective as to whether the 
guinea pig develops evidence of disease as ex- 
pressed by a febrile reaction or scrotal swell- 
ing, or an inapparent disease without these 
reactions, specific complement fixing anti- 
bodies develop in early convalescence The 
use of the complement fixation reaction, like- 
wise, permits the detection of those animals 
that represent missed infections or those that 
develop fever from non-specific causes The 
use of the complement fixation method for 
strain identification is specific, rapid and in- 
expensive 

Summary 1 Guinea pigs inoculated m- 
traperitoneally at the same time with the 
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same amount of a pooled infectious suspension 
of tunica vaginalis washings, Wilmington 
strain of murine typhus, developed three types 
of reaction following a variable period of in- 
cubation (a) fever of variable duration and 
scrotal swelling, followed by the appearance 
of specific murine complement fixing anti- 
bodies, (b) fever of variable duration and no 
scrotal swelling followed by the appearance 
of specific murine complement fixing anti- 
bodies, and (c) no febrile reaction or scrotal 
swelling but followed by the appearance of 
specific murine complement fixing anti- 
bodies (inapparent infection) All guinea pigs 
showing one of these three types of response 
were proven immune when challenged subse- 
quently 

2 Guinea pigs inoculated intraperitoneally 
at the same time with the same amount of 
pooled infectious brain suspension, Breml 
strain of epidemic typhus, developed 3 types 
of reaction following a variable period of in- 
cubation (a) febrile period of variable dura- 
tion followed by the appearance of specific 
epidemic complement fixing antibodies, (b) 
no febrile reaction but followed by the appear- 
ance of specific epidemic complement fixing 


antibodies (inapparent infection) , and (c) no 
febrile reaction followed by no complement 
fixing antibodies This latter group are re- 
garded as “misses” for these guinea pigs were 
not immune when challenged while those of 
group a and b were immune 

3 Specific murine or epidemic complement 
fixing antibodies were demonstrated after the 
inapparent infections with these 2 types of 
typhus 

4 Guinea pigs inoculated at the same time 
with the same amount of pooled infectious 
blood of Rocky Mountain spotted fever (mild 
strain) exhibit a febrile reaction of variable 
duration following a variable period of incuba- 
tion In all instances specific complement fix- 
ing antibodies to Rocky Mountain spotted 
fever were demonstrated in convalescent speci- 
mens of serum and no complement fixing 
antibodies with a murine or epidemic antigen 

Conclusion The specific complement fixa- 
tion test, using purified rickettsial suspensions 
as antigen, is recommended as a routine test 
to differentiate infections in guinea pigs caused 
by nckettsiae of murine and epidemic typhus 
and Rocky Mountain spotted fever 
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Studies on Chancroid IV The Ducrey Bacillus Grow th Requirements 
and Inhibition by Antibiotic Agents * 

Paul B Beeson 

From the Department of Medicine, Emory University School of Medicine, and the Medical 
Service, Grady Hospital, Atlanta, Georgia 


The classification of the Ducrey bacillus in 
the genus Hemophilus appears to be based 
largely on its morphology and on the fact that 
it grow's best m a medium containing blood 
Actually 7 the grow'th requirements and biology 
of this organism have received very little 
study The present article is a report of some 
observations made in the course of a clinical 
and laboratory investigation of chancroid 
The data presented support the view that 

* Vitlctl i |^r mt from tin. Yuiereal Disense 
DniMon of tin. Unite il States Public Health 
v n n k i 


there are important differences between the 
Ducrey bacillus and other members of the 
genus Hemophilus 

Materials and Methods The base medium 
used was proteose peptone broth (Difco) 
Blood was obtained from rabbits by 7 cardiac 
puncture Defibrination was accomplished by 
shaking with glass beads Erythrocyde sus- 
pensions were prepared by washing repeatedly 
with large volumes of normal saline, until a 
negative Pandy 7 test was obtained on the 
supernatant fluid 

X factor was prepared as follows The clot 
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TABLE I 

Growth of Duucj Bacillus, II influenzae, and E pai amfluenzae, m Media Containing Whole 
Blood and X and T Factors 


Organism 


Base medium, plus 


N factoi 

V factor 

X and V factors 

tYliole blood 

Ducrcj No 1 

0 

0 

0 

+ + + + 

No 2 

0 

0 

0 

+ + + + 

No 3 

0 

0 

0 

+4-4 — t- 

No 4 

0 

0 

0 

4-4-++ 

No 5 

0 

0 

0 

4 — i-4-4- 

No G 

0 

0 

0 

4 — h+4~ 

E influenzae G20S 

0 

0 

+ + + + 

++++ 


0 

0 

++++ 

++++ 

; 3 3 II 

0 

0 

+ + 4 — h 

++++ 

E pai ainflucnzac 7901 

0 

+ + + + 

++++ 

++++ 


Base medium Proteose peptone broth (Difco) 

Whole blood Defibnnated labbit blood (eoncentiotion 10% m base medium) 

E influenzae G20S, II parainflucnzac 7001 American Tipe Cultuie Collection 
H influenzae I, E influenzae II Ti pc i strains reccntlj isolated from patients with mfluen 
zal meningitis 

This ttble lepiesents findings after more than three suceessne subcultures 
Headings based on microscopic examination of stained smears of cultures, after 48 hours’ 
incubation at 34°C 


from 40 ml of rabbit blood was infused in 8 ml 
of normal saline at room temperature for one 
hour This was then boiled for 5 minutes, 
and filtered through paper The filtrate was 
autoclaved for 15 minutes at 15 pounds pres- 
sure This material was added to the base 
medium m a concentration of 4% to provide 
an adequate supply of X factor 

V factor was prepared as follows 20 g of 
baker’s yeast were emulsified in SO ml of 
distilled water, by rubbing in a g’ass mortar 
The reaction was adjusted to pH 4 6 by addi- 
tion of N/l HC1 The mixture was boiled for 
10 minutes and then centrifuged at 2000 
r p m for 20 minutes The dear supernatant 
material was used as a source of V factor, 
being added to the base medium in a concen- 
tration of 10% 

All cultures were incubated at 34°C Liquid 
media w’eie distributed in 1-ml quantities, and 
cultures were inoculated with 1 loopful of 


material 

Reqimcmcnt of X and V Factois Hemophi- 
lus influenza: has been shown to require for 
growth 2 agents w'hich are present m erythro- 
cytes One of these, originally called the X 
factor, is heat-stable and is known to be hemin 
The other, called V factor, is heat-labila, and 
1S replaceable by coenzyme I or I I 1 H paia- 


L noff, M, Proc Boy hoc , 
37, 122, 352, 3G0 


influenza: requires only the V factor 
Six strains of Ducrey bacillus were tested 
for growth in the presence of X and V factors 
Three strains of It mfluenzee and one of H 
pai ainflncnzm were included m the experi- 
ment The results of the test are shown in 
Table I It wall be seen that all 10 organisms 
were able to grow in the medium in the pres- 
ence of defibnnated blood On the other hand, 
addition of X factor alone was not sufficient 
to support growth of any of the 10 organisms 
H parainfluenza: w as able to grow m a medium 
containing V factor alone The 3 strains of 
H influenzos and H parainfluenzas, all grew’ 
in a medium containing both X and V factors, 
but none of the Ducrey strains W’ould grow 
in it Thus, although the Ducrey bacillus 
resembles true members of the genus Hemo- 
philus in that growth is supported by the 
presence of blood m the medium, it differs by 
inability to grow' in a medium containing only 
X and V factors One must conclude from this 
either that the X and V factors are not the 
substances essential for grow th of the Ducrey 
bacillus, or that some other factor which is 
present in whole blood m addition to X and V 
factors is needed for growth 

Giowth m Media Containing Cells Alone, 
or Scrum Alone The constituents of whole 
blood necessary for the grow’th of H influenza: 
and H parainfluenza: are present in the ery- 
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TABLE II 

Gioutli of Duciex Bacillus, J1 influenzae and H 
paramfluenzae m Media Containing Blood Serum 
or Washed En tlirocx tes 


Base medium, plus 


f ' ’ " ' ' I 

Washed 



Oig'imsm 

Blood serum 

erythrocytes 

Ducre) Ho 1 

+++ + 

++++ 


No 2 

+ +++ 

+ +++ 


No 3 

+ + + + 

+ + + + 


No 4 

+ + + + 

+ + + + 


No 5 

+ + + + 

+ + + + 


No 0 

++ + + 

+ + + + 

B 

influenzae OIOS 

0 

+ + + + 

3 J 

” I 

0 

+ + + + 

> J 

" ir 

0 

++++ 

n 

parainfluenzae 7901 

0 

+ + + + 


This tible lepresents findings aftei moie than 3 
suecessix e subcultures 

Readings based on micioscopic examination of 
stained smears of eiiltuics, aftei 48 horns’ meuba 
tion at 34°C 

throcytes, not in the blood serum It is 
known, however, that the Ducrey bacillus mil 
grow in a medium enriched only mth blood 
serum A demonstration of this is the experi- 
ment shown in Table II The concentration 
of serum required for growth of Ducrey bacilli 
appears to be relative!) high Optimum 
growth was obtained m media containing from 
25 to 50% serum although some of the strains 
tested survived when the concentration was 
reduced to as low as 10% The fact that 
Ducrey bacilli will grow in serum broth, a 
medium which will not support growth of 
either H influenza or II parainfluenza, to- 
gether with the evidence in the preceding 
section, suggests that neither X nor V factor 
is essential for growth of the Ducrey organism 

The Ducrey bacillus can also be cultivated 
in a base medium enriched only with erythro- 
evtes The volume of erythrocytes necessary 
is relatively large 10% or greater 

It would appear that enrichment with whole 
blood provides a better medium for growth of 
the Ducrey bacillus than is obtained with 
either cells or serum alone since growth can 
be maintained indefinitely in a base medium 
containing only 3% of defibnnated blood 
It is probable, therefore, that whole blood 
contains more than one growth substance 
utilized by Ducre) organisms, and that these 
substances are present in both erythrocytes 


and serum Further evidence bearing on this 
will be given m the next section 

Heat Stability of Growth Factors m Ery- 
throcytes and Serum The substances m rab- 
bit blood serum essential for growth of 
Ducrey bacilli are not destroyed by heating 
at 30D°C for 30 minutes Tw'entj per cent 
serum broth heated m this manner will support 
the growth of Ducrey bacilli through repeated 
transfers without apparent change Grow’th 
does not occur, however, m serum broth which 
has been autoclaved at 15 pounds pressure for 
20 minutes 


The growth-supporting properties of ery- 
throcytes are more easily destroxed by heat 
than are those of serum Ten per cent erythro- 
cyte-broth would not support growth of any 
of 6 strains of Ducrey bacillus after heating 
at 65°C for 30 minutes Four of the 6 strains 
tested would not grow in this medium after 
it had been heated at 60° for 30 minutes 
The difference in heat stability of the growth 
factors m erythrocytes and serum provides 
further evidence that the agents present m the 
two constituents of blood are not the same 


Importance oj Moisture for Growth of 
Ducrey Organisms on Solid Media A striking 
peculiant) of members of the Ducrey group 
is their dependence on moisture for grow'th on 
the surface of a solid medium We have dis- 
cussed this elsew'here, in an article dealing 
with the cultural diagnosis of chancroid 2 Usu- 
ally no visible growth occurs on the surface of 
an inoculated blood agar plate placed in an 
ordinary' incubator On the other hand, a 
plate which has received a similar inoculum 
and which is incubated at the same tempera- 
ture inside a closed jar containing a moist 
sponge will show a good growth of Ducrev 
colonies at the end of 24 hours II influenzas 
and H parainfluenzas show no such rigid 
dependence on moisture in the air 
Satellite Phenomenon Most members of 
the genus Hemophilus exhibit more luxuriant 
growth on the surface of a solid medium in 
the vicinity of colonies of certain other bac- 
teria, particularl) staphylococci This en- 
hanced growth is called the "satellite phe- 


- Beeson, P B , and Heynian, A , Jm T 
Gon mid Ten Dis, m press 


Svph , 
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TABLE III 

Growth of Ducrej B-icxllus, H influenzae, ind S ptnainflucneae m Medn Contumng Vaning 
Concentrations of Tj 1 otlincm 


Organism 



Dilution of tyrothricin 



4000 

8000 

1G000 

32000 

G4000 

128000 

0 

Ducrej No 1 

0 

0 

0 

+ 

+ + + 

+ + + 

+ + H — b 

No 2 

0 

0 

0 

0 

++ 

+ + + + 

+++ + 

No 3 

0 

0 

0 

0 

+ 4- 

+ + + 

++++ 

No 4 

0 

0 

0 

0 

0 

++ 

+++ + 

No 5 

0 

0 

0 

+ + 

+++ 

+ + + 

++++ 

No G 

0 

0 

0 

+4- 

4 — h 

4-4-4-+ 

+ +++ 

H influenzae G20S 

0 

++ 

+ + + + 

++++ 

++++ 

++++ 

++++ 


0 

++ 

++++ 

++++ 

++++ 

++4 — h 

++++ 

” ” II 

0 

+++ 

+ + + + 


++++ 

4-4-4-+ 

+ +++ 

H parauiflucnzac 7901 

+ 

++ 

+ + + + 

++++ 

++++ 

++++ 

++++ 


Medium 10% defibnnated blood m bise medium 
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nomenon ” It is thought to be due to libera- 
tion of growth substances by the staphylo- 
cocci No such change is noted in Ducrey 
colonies, whose gross appearance is not altered 
by proximity to staphylococcus colonies on 
the surface of a solid medium 

Dialysis of Growth Factors Repeated 
attempts were made to demonstrate the 
growth factors for Ducrey organisms m 
dialysates of either defibnnated rabbit blood 
or fresh rabbit serum Blood and serum were 
dialyzed against distilled water, physiologic 
salt solution, and proteose peptone broth 
Sterilization of dialysates was accomplished by 
Seitz filtration, a procedure which does not 
affect the growth-stimulating properties of 
serum broth None of the dialysates obtained 
would support growth, either alone or when 
added to the base medium 

Bacteriostasis by Antibiotic Substances The 
3 strains of H influenza and 1 strain of H 
parainfluenza, were compared with 6 strains 
of Ducrey bacillus m respect to inhibition of 
growth by penicillin, tyrothricin, strepto- 
mycin, t and streptothncin Other workers 
have already reported that penicillin exerts a 
pronounced bacteriostatic effect on Ducrey 
organisms 3 We have repeated that work and 
our findings agree entirely In addition we 

t Courtesy of Dr S A Wnksmau 

3 Mortira, M , Denier, E E , and Leveukron, E , 
Peoc Soc Exp Biol and Med , 1944, 50, 1G3 


find a similar difference in respect to inhibition 
by tyrothricin The results of a test are shown 
in Table III, where it will be observed that 
the typical Hemophilus organisms were able 
to grow m much greater concentrations of 
tyrothricin than was the case with strains of 
Ducrey bacillus This is further evidence of 
a basic difference between Ducrey bacilli and 
true Hemophilus organisms In respect to 
streptothncin and streptomycin, no significant 
difference m susceptibility was found 

Summary In a comparative study of sev- 
eral strains of Ducrey bacillus with H influ- 
enza and H parainfluenza a number of sig- 
nificant biologic differences have been noted 
The Ducrey bacillus will not grow m a medium 
which supplies both the X and V factors 
Unlike these other members of the genus 
Hemophilus, the Ducrey bacillus will grow m 
a medium enriched only with blood serum 
It will also grow in a medium enriched only 
with erythrocytes The agents m serum and 
in erythrocytes which support growth of the 
Ducrey bacillus differ in heat stability, that 
in serum withstands 100°C but not auto- 
claving, while that in erythrocytes is inac- 
tivated by heating to 65° C The addition of 
both erythrocytes and serum to the base 
medium provides a more favorable medium 
for the growth of the Ducrey bacillus than 
either one alone Ducrey colonies will not 
develop on the surface of a solid medium 
unless the humidity of the atmosphere is very 
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high The “satellite phenomenon” is not ob- 
served in colonies of Ducrey bacillus At- 
tempts to separate Ducrey growth factors 
from whole blood or serum by dialysis have 
not been successful The Ducrey bacillus 


differs significantly from H influenza: and H 
parainfluenza m susceptibility to inhibition 
by penicillin and by tyrothncin 
jtfiss Eh? ibcth Roberts gi\e technical issistnnce 
in this work 


15233 

Muscles Consisting of a Single Motor Unit After Poliomyelitis 
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of Technology, Pasadena 


During an investigation concerning the 
possible increase of muscle force in paretic 
muscles by means of increased motor nerve 
branching 1 the action potentials of more 
than 1000 different paretic muscles were ob- 
tained Among these the records of 36 mus- 
cles in 26 different patients were remarkable 
for their simplicity and they resembled close- 
ly records produced by single motor units 
in fully 2 3 4 or partially innervated muscles,® 
though no measures were taken to insure the 
recording of units The behavior of these 
muscles was analyzed by repeated tests 

Methods In routine electrograms, the 
patient contracted the muscle as strongly as 
possible for 2 or 3 seconds and then released 
the tension quickly Electrodes, consisting 
of solder pellets of 5 mm diameter were at- 
tached to the skin with tape, electrode paste 
being used to insure a good contact The 
action potentials were amplified and record- 
ed by a Matthews oscillograph Nearly all 
of the muscles to be described were found 
in patients who had undergone the treat- 
ments intended to enhance the nerve branch- 
ing 1 In all cases the paresis was at least 
of one year standing 

Results The short lasting, strong con- 

1 Billig, H E , Haiieield, A , iml T\ iiisra i, 
C \ G, 1 A cmopatli and 1 xp Xiuiol 1^40, 
in press 

2 Smith O Jm T Physiol , 1014, 108, C’<) 
Gilson, \ S md Mills M B, Jm J P/h/moI, 

1041, 113, 01S 

4 Benslou 1 S mid Ilissitt, C C 1 in T 
Ph i/\i«f 1041, 11!), (,12 

" r mdsh % I) B 1 m T Physiol lOTl, 114, 0(1 


tractions of all muscles under consideration 
were accompanied by a single row of action 
potential spikes, (Fig 1) which w r ere in 
general, rather evenly spaced and often grew' 
considerably in height, especially the first 10 
spikes In by far the majority of the cases 
the voluntary control of the muscle was good, 
m only a few were there signs of poor con- 
trol as evidenced by an irregular and low 
frequency of the spikes and difficulty m main- 
taining the contraction even for a short time 
The maximum frequency of the spikes 
reached in this way has been measured for 
all these muscles and was found to vary be- 
tween 20 and 60 per second, the mean being 
40 In accordance with the data of Gibson 
and Mills 3 it was observed that 2 or even 3 
spikes could follow each other closely, (0 01 
second), after which there was usually a 
somewhat longer delay before the appearance 
of the next spike Therefore the maximum 
frequency w'as computed by using the time 
interval of at least 10 consecutive spikes 
Since most of the 15 different muscles used 
m the investigation are represented only a 
few times and these are only larger muscles 
m which the influence of the contraction of 
neighboring muscles on the electrogram is 
negligible the material is not very suitable 
to show' whether or not different muscles 
have different inherent maximum frequen- 
cies' It may be significant, however, that 
the deltoid which is represented 5 times 
showed a maximum of 60 m 3 and of 40 in 2 
of these cases, and has thus a mean frequency 
greater than that of the mean maximum 
given abo\e 
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Headings based on microscopic e\amin if ion of stained smears of cultures, aftei 48 hours 
incubation at 34° C 


nomenon ” It is thought to be due to libera- 
tion of growth substances by the staphylo- 
cocci No such change is noted in Ducrey 
colonies, whose gross appearance is not altered 
by proximity to staphylococcus colonies on 
the surface of a solid medium 
Dialysis oj Growth Factors Repeated 
attempts were made to demonstrate the 
growth factors for Ducrey organisms in 
dialysates of either defibrinated rabbit blood 
or fresh rabbit serum Blood and serum were 
dialyzed against distilled water, physiologic 
salt solution, and proteose peptone broth 
Sterilization of dialysates was accomplished by 
Seitz filtration, a procedure which does not 
affect the growth-stimulating properties of 
serum broth None of the dialysates obtained 
would support growth, either alone or when 
added to the base medium 

Bacteriostasis by Antibiotic Substances The 
3 strains of B influenzas and 1 strain of H 
parainfluenza; were compared with 6 strains 
of Ducrey bacillus in respect to inhibition of 
growth by penicillin, tyrothnem, strepto- 
mycin,! and streptothricin Other workers 
have already reported that penicillin exerts a 
pronounced bacteriostatic effect on Ducrey 
organisms 3 We have repeated that work and 
our findings agree entirely In addition we 


t Courtesy Of Dr S A Waksmun 
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find a similar difference in respect to inhibition 
by tyrothricin The results of a test are shown 
in Table III, where it will be observed that 
the typical Hemophilus organisms were able 
to grow in much greater concentrations of 
tyrothricin than was the case with strains of 
Ducrey bacillus This is further evidence of 
a basic difference between Ducrey bacilli and 
true Hemophilus organisms In respect to 
streptothricin and streptomycin, no significant 
difference m susceptibility was found 

Summary In a comparative study of sev- 
eral strains of Ducrey bacillus with H influ- 
enza and H paramfluenzee a number of sig- 
nificant biologic differences have been noted 
The Ducrey bacillus will not grow in a medium 
which supplies both the X and V factors 
Unlike these other members of the genus 
Hemophilus, the Ducrey bacillus will grow m 
a medium enriched only with blood serum 
It will also grow in a medium enriched only 
with erythrocytes The agents in serum and 
in erythrocytes which support growth of the 
Ducrey bacillus differ in heat stability, that 
in serum withstands 100 C but not auto- 
claving, while that in erythrocytes is inac- 
tivated by heating to 65 °C The addition of 
both erythrocytes and serum to the base 
medium provides a more favorable medium 
for the growth of the Ducrey bacillus than 
either one alone Ducrey colonies will not 
develop on the surface of a solid medium 
unless the humidity of the atmosphere is very 
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high The “satellite phenomenon is not ob- 
served in colonies of Ducrev bacillus At- 
tempts to separate Ducrey growth factors 
from whole blood or serum by dialysis have 
not been successful The Ducrey bacillus 


differs significantly from H influenza: and H 
parainfluenza: m susceptibility to inhibition 
by penicillin and by tyTOthncm 

Miss Ehz ilieth Roberts give technical issistanee 
in this work 
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During an investigation concerning the 
possible increase of muscle force in paretic 
muscles by means of increased motor nerve 
branching 1 the action potentials of more 
than 1000 different paretic muscles were ob- 
tained Among these the records of 36 mus- 
cles in 26 different patients were remarkable 
for their simplicity and they resembled close- 
ly records produced by single motor units 
in fully 231 or partially innervated muscles, 5 
though no measures were taken to insure the 
recording of units The behavior of these 
muscles was analyzed by 7 repeated tests 

Methods In routine electrograms, the 
patient contracted the muscle as strongly as 
possible for 2 or 3 seconds and then released 
the tension quickly' Electrodes, consisting 
of solder pellets of 5 mm diameter were at- 
tached to the skin with tape, electrode paste 
being used to insure a good contact The 
action potentials were amplified and record- 
ed by a Matthews oscillograph Nearly all 
of the muscles to be described were found 
in patients who had undergone the treat- 
ments intended to enhance the nerve branch- 
ing 1 In all cases the paresis w as at least 
of one y 7 ear standing 

Results The short lasting, strong con- 

l Billig, H r \'>n Hnrrei eld, A. uut \\ lcrsim, 
C V G , I A europath and } xp X enrol 1*140, 
in jiriss 

-'Smith, O Jm T Physiol , 1934, 108 02*1 
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■•Illusion T S nul Hassett C C Am T 
Physiol 1043 1*19, G*i2 
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tractions of all muscles under consideration 
were accompanied by a single row of action 
potential spikes, (Fig 1) which were in 
general, rather evenly spaced and often grew 
considerably in height, especially 7 the first 10 
spikes In by far the majority 7 of the cases 
the voluntary control of the muscle was good, 
in only 7 a few were there signs of poor con- 
trol as evidenced by 7 an irregular and low 
frequency of the spikes and difficulty in main- 
taining the contraction even for a short time 
The maximum frequency 7 of the spikes 
reached m this way 7 has been measured for 
all these muscles and was found to vary 7 be- 
tween 20 and 60 per second, the mean being 
40 In accordance with the data of Gibson 
and Mills 3 it was observed that 2 or even 3 
spikes could follow each other closely 7 , (0 01 
second) after which there was usually 7 a 
somewhat longer delay before the appearance 
of the next spike Therefore the maximum 
frequency was computed by using the time 
interval of at least 10 consecutive spikes 
Since most of the IS different muscles used 
in the investigation are represented only a 
few times and these are only larger muscles 
in which the influence of the contraction of 
neighboring muscles on the electrogram is 
negligible the material is not \ery suitable 
to show whether or not different muscles 
hare different inherent maximum frequen- 
cies' It may be significant, howe\er that 
the deltoid which is represented 5 times 
showed a maximum of 60 in 3 and of 40 in 2 
of these cases and has thus a mean frequency 
greater than tli it of the mean maximum 
Siren abo\e 
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Medium 10% defibninted blood in base medium 

This table represents findings after more than three successive subcultuies 
Readings based on microscopic examination of stained smears of cultures, aftei 48 hours 
incubation at 34°C 


nomenon ” It is thought to be due to libera- 
tion of growth substances by the staphylo- 
cocci No such change is noted in Ducrey 
colonies, whose gross appearance is not altered 
by proximity to staphylococcus colonies on 
the surface of a solid medium 

Dialysis of Growth Factors Repeated 
attempts were made to demonstrate the 
growth factors for Ducrey organisms m 
dialysates of either defibnnated rabbit blood 
or fresh rabbit serum Blood and serum were 
dialyzed against distilled water, physiologic 
salt solution, and proteose peptone broth 
Sterilization of dialysates was accomplished by 
Seitz filtration, a procedure which does not 
affect the growth-stimulating properties of 
serum broth None of the dialysates obtained 
would support growth, either alone or when 
added to the base medium 

Bactenostasis by Antibiotic Substances The 
3 strains of H influenzas and 1 strain of H 
parainfluenzas were compared with 6 strains 
of Ducrey bacillus in respect to inhibition of 
growth by penicillin, tyrothricin, strepto- 
mycin/ and streptothricin Other workers 
have already reported that penicillin exerts a 
pronounced bacteriostatic effect on Ducrey 
organisms i * 3 We have repeated that work and 
our findings agree entirely In addition we 

i Couitesy of Dr S A Waksmui 

3 Mortura, M , Feme r, R R , and Levenkron, E , 

Proc Soc Exp Biol and Med , 1944, 56, 163 


find a similar difference in respect to inhibition 
by tyrothricin The results of a test are shown 
in Table III, where it will be observed that 
the typical Hemophilus organisms were able 
to grow in much greater concentrations of 
tyrothricin than was the case with strains of 
Ducrey bacillus This is further evidence of 
a basic difference between Ducrey bacilli and 
true Hemophilus organisms In respect to 
streptothricin and streptomycin, no significant 
difference in susceptibility was found 

Summary In a comparative study of sev- 
eral strains of Ducrey bacillus with H influ- 
enza s and H parainfluenzee a number of sig- 
nificant biologic differences have been noted 
The Ducrey bacillus will not grow m a medium 
which supplies both the X and V factors 
Unlike these other members of the genus 
Hemophilus, the Ducrey bacillus will grow in 
a medium enriched only with blood serum 
It wall also grow in a medium enriched only 
with erythrocytes The agents m serum and 
in erythrocytes which support growth of the 
Ducrej' bacillus differ in heat stability, that 
in serum withstands 100°C but not auto- 
claving, while that m erythrocytes is inac- 
tivated by heating to 65°C The addition of 
both erythrocytes and serum to the base 
medium provides a more favorable medium 
for the grrnvth of the Ducrey bacillus than 
either one alone Ducrey colonies will not 
develop on the surface of a solid medium 
unless the humidity of the atmosphere is very 
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Fig 2 

Deltoid, tieated Long listing contrietion A Stilt Notice pionouneed ficilitition mil 
triphasic spikes B After 15 seconds, maximum fieilitation is reiclied C After 30 seconds, 
the height of the spikes is diminished D After 90 seconds The contraction ends mtli muscle 
action potentials -|ust visible Aftei 1 second lest tliei rcippen md facilitate, but diminish 
quickh Time 1/10 second 


which had been rested for a long time reached 
maximum peak height after one minute, 
whereas the same muscle normally reached 
its maximum after 30 seconds and already 
began to diminish in height at one minute 
If, therefore a patient has used the muscle 
to a great extent, eg m walking, the rest 
provided during the investigation time may 
not be long enough to overcome the after- 
effects of this use 

In another series of experiments repeated 
contractions of very short duration were 
studied In such contractions each ensuing 
contraction starts with a higher action poten- 
tial than the previous one (Fig 3) which 
shows that purelv mechanical factors are not 
responsible for the increase in height In this 
type of contraction the frequencies reached 
tend to be higher than during the “standard” 
contractions and may become high enough 
to seriously interfere w ith the gradual grow th 
of the action potentials (Fig 3) At least 
in these muscles it seems possible to obtain 


frequencies m the nerve fibers which are 
too high for the muscle fibers to follow nor- 
mally 

In a number of selected cases mechano- 
grams were obtained from these muscles by 
the application of a heart apex beat recorder 
over the contracting belly In some cases 
but not m all, single twitches caused by a 
single impulse were obtainable, 3 m these it 
was found that higher contractions and ac- 
tion potentials occurred after previous fa- 
cilitation by a tetanic contraction Summa- 
tions of 2 and more impulses could be nicely 
demonstrated with this method (Fig 4) 

In some of the cases needle electrodes were 
put into the substance of the muscle The 
resulting action potentials differed only in 
voltage from those obtained from the intact 
skin 

Discussion As in all cases of human 
muscles it is not certain that the data pre- 
sented are caused by the action of single 
motor units EspecialK the growth of the 
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Fig i 

Test eonti Ktion of i uctus femons, untie ited j> ltient Ficihtition 25%, 
diplnsic fiequenci 40 per second \s m ill following pietuies skin lends iveie used 
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The growth of the spikes of the action po- 
tentials during the contraction was present 
in all cases and often very pronounced In 
records in which the action potentials were 
practically monophasic this increase was usu- 
ally larger than with di- or poh phasic spikes 
In the latter there was an increase of more 
than 50% in 14 of the 27 records, and m 
only 1 record was the increase as small as 
20% In the monophasic group 13 out of 
26 records showed an increase of more than 
100% and all but one of more than 50% 
One muscle was outstanding in the amount of 
facilitation obtained The first top was al- 
ways very small and the later ones were at 
least 10 times as large (Fig 2) 

The amount of facilitation was found to 
be dependent on several factors, in any one 
muscle Relatively little difference was en- 
countered when on different days similar 
contractions were performed with similar 
electrode placements, unless the state of fa- 
tigue of the muscle was different At any 
given time with the electrodes fixed, the 
most important factor was the frequency of 
the impulses Up to a certain limit the 
growth is faster and larger the more rapidly 
the spikes follow each other However, above 
a certain frequency, which seems to differ 
for different muscles, the potentials become 
smaller This does not interfere with the 
facilitation process, any spike which happens 
to be separated by a sufficient time interval 
from a foregoing one will be large In a 


fatigued muscle the growth is much smaller 
and may, soon after the start of the contrac- 
tion, stop and be replaced by a decrease m 
height, even when the frequency is low In 
a few instances the muscle was in tone both 
before and after the test contraction In 
these cases little or no facilitation took place, 
which is explained by the supposition that 
during the tonic period facilitation had de- 
veloped to such an extent, that the increase 
in frequency has no longer a pronounced 
effect 

In a limited number of experiments the 
contractions were maintained for long times 
It was found that in most cases the spikes 
after their initial facilitation start to decline 
confirming Smith 2 and may become very 
small indeed (Fig 2) In others the fre- 
quency becomes very irregular which in turn 
gives irregular action potential heights In 
one case 5 minutes contraction did not result 
in any noticeable decrease Though the rate 
of the spikes was rather low, (± 25), other 
muscles with even lower rates showed pro- 
found fatigue after much shorter times 
Once a muscle has been fatigued, the re- 
sult remains noticeable for a long time Dur- 
ing the first minutes after relaxation the ac- 
tion potentials remain small, after longei 
rest periods the growth is at first normal 
but diminishes soon and the maximum height 
is never reached This may well play a part 
in the difference of facilitation obtained m 
different muscles In one instance a muscle 
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every impulse Such a mechanism has been 
claimed to be normal m avian muscles® 
Some experiments were performed with this 
possibility in mind The patients were given 
prostigmine, intramuscular in the acute and 
orally in other experiments The dosage 
was sufficient to cause distinct signs of the 
action of the drug, of which especially the 
increase in the size of the action potentials 
in the acute cases should be mentioned How- 
ever no noticeable effect on the degree of 

(■Broun, G Ij , mil Hind, \ M , J Physiol, 
1038, 9% 285 


facilitation was observable It must there- 
fore remain at this time undecided by which 
mechanism the facilitation is brought about 

Summary It was found that m some pa- 
tients with chronic poliomyelitis very weak 
muscles can be found which seem to consist 
of one remaining motor unit A study of 
their properties has been made by recording 
the action potentials through skin leads 

The lnthoi is indebted to Di A mi Hureudd 
ind Di II E Billig foi then help ind for then 
intdost in this i esc ueh 
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During the course of a survey for brucella 
agglutinins made on sera discarded from the 
Wassermann laboratory (C W E , N B 
McC and G A B ), a blood bank donor 
was found to have a brucella agglutinin titer 
of I 200 This individual was a healthy 
male who, 3 months previously, had been 
experimentally vaccinated by one of us 
(W B ) with U S 4rmy cholera vaccine 
The possibility that this finding might be 
more than a coincidental occurrence led us 
to examine the stored sera from the cholera 
studies for brucella agglutinins 

Methods and Material Thirty-four in- 
dividuals nere given either regular U S 
•\rrnv cholera vaccination or varying amounts 
of an experimental cholera vaccine consisting 
of extracted cell residue Whereas the Array 
vaccine contained both H and O antigens, 

* \ided in put In i ftrint fiom Swift mil 
Comp mi V p irt of tin ".oik in tins jrcpu w is 
doiit midti i t out rut, runmimiulid In tin. Com 
tnittii on Mi dii il Itiii mil liotwoin tlic Oflui of 
Siimtiiii Itisi ink mil Dnilnpiiiciit iml tin Vm 
unite ot Clnngo 


the experimental vaccine contained primarily 
the O antigen The vaccines were given in 
2 doses of 0 S and 1 0 cc with an interval 
of one week between inoculations Sera were 
collected before immunization and at 1, 2 
5 and 9 weeks after completion of the vac- 
cination Brucella agglutinin titers were de- 
termined by the rapid slide method of Hud- 
dleson, using the standard dilutions from 
1 25 to 1 500 The subjects were divided 
into 4 groups 

Group I — 7 subjects, routine U S Army 
cholera vaccination, 8,000 million organisms 
per cc 

Group II — S subjects, experimental vac- 
cine, 8,000 million organisms pei cc 

Group III — 10 subjects, experimental vac- 
cine, 24,000 million organisms per cc 

Group IV — 9 subjects, experimental vac- 
cine, 40 000 million organisms per cc 

Five post-immunization sera from 3 indi- 
viduals were further studied by reciprocal 
agglutinin absorption tests, using as antistens 
a live virulent strain of Br abortus and a 
live 24-hour culture of Vibrio comma After 
absorption with brucella, the sera were tested 
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action potentials which from the evidence 
presented cannot be ascribed to artifacts, 
might well be considered as against the pres- 
ence of single motor units The alternative 
would be that a number of nerve fibers would 
always fire at the same time, but would have 
different thresholds Such a mechanism 
might possibly be brought about by the con- 
nection of a number of motorneurons with a 
single pyramidal fiber If this were the case 
the number of motorneurons so connected 
should be large m order to explain the smooth 
increase of the growth of the potentials No 
evidence was ever obtained which showed 
that these hypothetical central units could 
split themselves into component parts, and 
they would therefore form a serious handicap 
to the amount ot central control of the con- 
tractions Furthermore m all cases the con- 
tracting part of the muscle was a single band, 
whereas if different axons were involved one 
would expect that several contractile bands 
would occur in at least some of them 


If then these bands are considered as single 
units it remains to be discussed what the 
growth m the action potentials represents 
There are two likely explanations The first 
is that facilitation represents the increased 
spreading of the action potential over the 
muscle fibers In freshly rein nerva ted mus- 
cles such a process might well take place, 
the first impulse of a series would be limited 
to the neighborhood of the end plate and 
successive impulses vmuld spread more and 
more to the ends of the muscle hhers How- 
ever, as recovery went on, it would be ex- 
pected that facilitation become less and less 
pronounced This was not observed, in 
patients which have been studied for one 
year or more no difference in the amount 
of facilitation was found between the first 
and the last test The other, and perhaps 
more likely possibility is that only part of 
the muscle fibers respond on a single nerve 
impulse and that considerable facilitation is 
necessary before all fibers contract mth 
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for brucellosis Although it is well known 
that proven cases of the disease may at times 
present little or no agglutinin response, the 
diagnosis of brucellosis is frequently made 
on the basis of low-grade titers without ade- 
quate supporting data Many clinicians con- 
sider brucella agglutinin titers in dilutions 
of 1 500 as almost certainly diagnostic of 
active infection The development of titers 
as high as this following vaccination for 
cholera may well be expected to introduce 
further confusion in the clinical interpreta- 
tion of this test Cholera vaccmation has 
been infrequently used in this country prior 
to the war, but large numbers of veterans 
are returning from the Pacific and Asiatic 


theaters who have been subjected to this im- 
munization 

Studies are underway to determine the 
duration of the persistence of brucella anti- 
bodies following vaccmation for cholera, 
and the possible reappearance of anti- 
bodies m the circulating blood as an anamnes- 
tic phenomenon The possible effect of other 
types of immunizations on brucella antibod\ 
stimulation must also be considered 

Our preliminary data presented here in- 
dicate that there is an H antigen in Vibrio 
comma which is present also in brucella 
Studies are in progress to elucidate further 
the antigenic interrelationships of these or- 
ganisms 
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Excitability of Muscle to Direct and Indirect Stimulation During Prolonged 

Direct Stimulation * 

Ernst Simonson, Akira Omachi, and Maurice B Visscher 
F rom the Department of Physiology, University of Minnesota, Minneapolis 


Although electrical stimulation is used 
widely in diagnosis and in physical therapy 
and is the only practical procedure to test 
muscle function m animals, the effects of pro- 
longed direct stimulation have not been studied 
extensively 

Alternating 60-cycle current was used in 3 
independent but in phase circuits for stimula- 
tion through 3 pairs of electrodes, the first pair 
being inserted into the knee and tendon of the 
gastrocnemius muscle in situ of anesthetized 
rats (nembutal) and cats (dial), (D] elec- 
trodes) , the second pair (Do) inserted into 
the muscle itself at its upper and lower ends, 
the third pair (I) being employed for stimu- 
lation of the peripheral end of the cut sciatic 
nerve The strength of the stimulus was ad- 
justed with a rheostat and measured bv a 
volt meter, m addition, the resistance in the 
muscle was measured by means of an oscillo- 
scope m a shunt parallel to the muscle Stimu- 
lation was continued either with Di or with Do 

* Aided lo i gr mt from tlic X ltion il Fonndi 
turn for Inf intili P n ihsis, Jik 


until the muscle length reached the pre- 
stimulus resting value During and after the 
continued stimulation, brief tetanic stimuli 
were applied at regular intervals through the 

2 other pairs of electrodes In all cases maxi- 
mum stimuli were applied through a 10,000- 
ohm resistance placed m series with muscle and 
nerve The muscle was loaded with 200 g and 
contraction was isotonic Before continued 
stimulation the effect of summation was tested 
for all combinations of Di Do, and I There 
was no summation between Dj and I, or D_> 
and I, and a tendency to slight summation of 
D, + Do 

Steel, platinum, silver, and nonpolanzable 
(Cu-CuSO,, 0M - K>S0 4 lt - NaCl fc ,, 
NaCl, ,,^-Tissue) electrodes were emplot ed in 
various experiments There was no essential 
difference in the results to be reported Tort\ - 
seven experiments were performed in rats and 

3 experiments in cats 

With continued stimulation through D] 
there is no response to D. or I at the ven 
beginning but after a few minutes a marked 
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Brucella Agglutinins Following Cholera Vaccination 


„ „ , , , TABLE I 

Brucella Agglutinins in Sen of Subjects Immunized Tilth Begular U S Army Cholera Vaccine 


Pi c immunization , — 

Subject No sera 1 


Tune after last inoeul ition 


\ 

9 weeks 


7 

— 

1 500P 

10 

— 

1 500P 

ie 

1 25 

1 25 

21 

— 



30 

— 



32 

— 

1 200P 

38 

— 

1 100P 


1 200 

1 200P 

1 200P 

1 500 

1 200 

1 200 

1 50 

1 50 

* 

1 100P 


~ 

1 100P 

1 50 

1 25 

1 25 

— 




— Negative 

P Partial agglutination (usually complete agglutm ition m the next lower titei) 
* Serum not aiailable 


with cholera antigens 1 containing HO and 
containing only 0 antigen 

Results The brucella agglutinin titers of 
the 7 individuals in Group I who received 
the U S Army tvpe of cholera vaccination 
are presented in Table I One of the sub- 
jects had a pre-immunization titer of 1 25, 
all the others being negative Following im- 
munization, all except one developed brucella 
agglutinins in titers ranging from 1 50 to 
1 500 In 3 subjects, brucella agglutinins 
•were still present at the time of the last col- 
lection of sera (9 weeks) 

In Groups II, III and IV receiving varying 
amounts of the experimental cholera vaccine, 
none of the 27 individuals showed any pre- 
lmmumzation brucella titers, and in only 2 
subjects, low-grade post-immunization brucel- 
la agglutinin titers developed These were 
both m Group IV receiving the largest amount 
of the vaccine, and the titers of 1 25 and 
1 50 P were very transient, disappearing 
by the 9 th week 

In the reciprocal agglutinin absorption 
tests absorption with living 24-hour culture 
of Vibrio comma removed all brucella ag- 
glutinins Sera absorbed with a live, virulent 
strain of Brucella abortus subsequently ag- 
glutinated formalmized Vibrio comma (HO) 

Tn markedly lowered titers t (Serum E7, 
before absorption 1 1000, after absorption 
1 100, Serum B32, before 1 5000, after 

1 200 Serum CIO, before 1 5000, after 

i 200 Serum C32, before 1 5000, after 

1 500, Serum D7, befor e 1 2000, afte r 

Tiurrows, XVibnin, unpublished diti 


1 2000 t) Agglutination tests with a boiled 
suspension of Vibrio comma (O antigen) 
were not significantly different from the pre- 
absorption tests 

All 34 of the vaccinated subjects devel- 
oped cholera agglutinins in high titers which 
persisted during the 9-week post-immuniza- 
tion observation period The magnitude of 
the cholera agglutinin response was approxi- 
mately the same following the two types of 
vaccine In the 3 groups receiving the vary- 
ing amounts of the experimental vaccine, 
augmented cholera agglutinin titers did not 
accompany increasing amounts of vaccine 
In fact, Group IV receiving the largest amount 
of vaccine had a somewhat poorer average 
cholera agglutinin response than Groups II 
and III receiving smaller amounts These 
data will be reported in detail elsewhere 1 
Discussion Wong and Chow 2 reported 
that in 8 rabbits injected intravenously or 
subcutaneously with heat-killed suspensions 
of Vibrio comma, brucella agglutinins devel- 
oped in unspecified titers Of 6 humans 
inoculated subcutaneously or intravenously 
with a typhoid-cholera vaccine, 4 developed 
agglutinins against Biucella abortus in titers 
of 1 40 or less Presumably, the vaccines 
used had lost at least some of the H antigen 
during heating 

The agglutination test for brucella is the 
most commonly used diagnostic procedure 

t In one serum, D7, the post absorption titer was 
not levered Insufficient serum remained for 
fui ther tests 

-Wong, D H , and Chou, C H, Chinese Med J , 
1<H7, 52, 591 
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B u activity but low in folic acid can promote 
excellent grow th and feathering in the chick 
Pfiffner et a ! c isolated a crystalline compound 
from liver which they called vitamin B c and 
found that it has both growth-promoting and 
hemopoietic properties for the chick Since 
vitamin B c also has growth-promoting proper- 
ties for Lactobacillus casei, these workers sug- 
gested that vitamin B c , Hutchings’ norite 
eluate factor, and Williams’ folic acid 7 are 
probably identical Binkley and coworkers s 
isolated from yeast a B c conjugate which has 
vitamin B c activity for the chick but no 
activity for the bacterium However, upon 
enzy matic digestion the B c conjugate becomes 
active as a source of B c for the Lactobacillus 
casct Day and coworkers 9 reported that 
highly purified Lactobacillus casci factor was 
effective m treating vitamin M-deficient 
monkeys In this paper we wish to report 
the relative effectiveness of vitamin Bio and 
Bu concentrates, vitamin B c , vitamin B c con- 

Ilutchings of Ledcrle Laboratories Inc Pearl 
River, NY, for tlic svntlietvc Laefobflctllns rosei 
factor, to Mrs Edith Jones for assistance m the 
differcntnl louc oca te counts, to Mr T D Luekey 
foi the Bio Bu ossovs, and to Mrs Lillian 
yibeitv for the folic acid assais 

1 V nsnian, II -V , and Elvelijem, C A , J Xutn 
turn 1043, 20, 3G1 

- Hutchings B L Bohonos, N and Peterson, 
W II J BwJ Chrm 1041, 141 521 

1 Hutchings, B L Bohonos N Hegsted, D M , 
I hihicm C \ and Peterson IV H, J Biot 
( hi w , 1041 140, GS1 

J Briggs G M , Tr Luckev, T D Elvelijem, 
t t and II irt L B T Biol Chan 1943, 148, 
1G3 

'Briggs, G M, Tr Lutkev T D, Elvelijem, 
( 1 and Hart I B T Biol Chrm 1043 158 

303 

' Ptiffnir T T, Binkltv, S B Bloom E S 
Broun I? V , Lird O D Emmett A D , Hogan 
\ G md O’Dell B L Science 1043, 07, 404 

* Mitchell II k. Snell E E, and Williams, 
R T , T .lm (.him Sor , 1041 <.*? 22S4 

''Bull'll' s u Bird O D, Bloom, E S, 
Broun, It V, C ilhms D G, Cimpbell, C J, 
I mmett, V D md Pfiffner T J Sou nn 1044 
100, 3G 

9 B",P L Mims V Tottir T It StoUt id, 
1 L I? Hutchings, B L and s] 0 ,„ e x II , 
! Bml Chan , 1045 j 4-57 403 


jugate and the synthetic Lactobacillus casei 
factor when used m place of the norite eluate 
concentrate in our purified rations for the 
monkey 

Experimental The method of handling the 
monkeys has been described previously 10 The 
M-2 basal diet consisting of sucrose 73, Labco 
casein 18 salts IV 4, corn oil 2, cod liver oil 3 
was fed ad libitum and supplemented with 
adequate amounts of ascorbic acid, thiamine, 
ribofkn in nicotinic acid, pyridoxme, choline, 
pantothenic acid, inositol, />-ammobenzoic acid, 
and biotm 

A li\ er fraction high in Bio and Bu activity 
but low in "folic acid” activity was prepared 
according to the directions of Briggs et al" 
In brief this method consists of dial} sing a 
concentrated superfiltrol eluate 2 m a cello- 
phane bag against cold water for 96 hours 
The residue is saved and placed in a Visking 
cellulose casing and dialysed against hot dis- 
tilled water The dial} sate is saved and con- 
centrated so that 1 cc of the final solution is 
equivalent to 10 g of the original solubilized 
liver extract (fraction L) 

The dial}sate was assa}ed for Bi 0 and Bu 
activity using chicks and for ‘folic acid” using 
the microbiological method Using as a 
standard (100%) the growth and feathering 
of chicks fed a ration containing 2% solu- 
bilized liver (fraction L), one cc of the 
dial} sate showed 95% B 10 and B n activity 
Assay with Streptococcus lactis showed that 
1 cc of the dialvsate contained less than 10 y 
folic acid using crystalline vitamin B c as the 
standard 

Studies with Bi 0 and Bu Concentrates 
Three monke}s, No 217, 218, and 219, were 
placed on the basal ration and given daily 1 cc 
of the concentrated dialysate The monkeys 
grew at a slow rate for 8 weeks after which 
they began to lose weight The supplement 
was then increased to 2 cc per day equivalent 
to 20 g of the original solubilized liver This 
too proved to be inadequate and within two 
weeks the monkeys became cachetic and devel- 
oped anorexia Monkeys 217 and 219 were 

10 W 111111 ill, II \ Rismiustn A F,Jr,Elu 
l>lim, C A, ami Cl irk P F, J tintntion, 194, 
20 203 
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response to Do appears, while response to I is 
absent The absence of response to I cannot 
be due to the absence of muscle fibers avail- 
able for stimulation, since response to Do is 
present After 10 to 20 minutes of stimula- 
tion with Di, response to I begins to reappear 
and to increase gradually in size, but usually 
remains somewhat smaller than the D» 
response After “fatigue” ( t e , approach to 
the original resting length) the responses to 
both I and Do are very marked and may 
approach the height of initial contraction 
If at this stage continued stimulation through 
Do or I is superimposed on the uninterrupted 
Di stimulation, a large tetanic contraction 
occurs, which however returns to the baseline 
much faster than it would have had the muscle 
been stimulated solely through these elec- 
trodes If the stimulation of D« or I is inter- 
rupted at this moment, while D x stimulation 
continues, the response to D 2 or I stimulation 
recovers 

When continued stimulation is applied 
through Do, the responses both to Dj. and I 
stimulation appear within a short time and 
are present throughout the development of 
fatigue. 

The continued stimulation through Dj is 


accompanied by an increase in muscle resist- 
ance, as indicated by the oscilloscope studies 
This increased resistance is related in time of 
appearance to the return of response to 
indirect stimulation The effect of D 2 stimula- 
tion was less marked Investigations by means 
of crossed Dj and Do electrodes revealed that 
the difference between continued Di and Do 
stimulation is due to the lower Di electrode 
inserted into the tendon 

The results described above could be repro- 
duced in all experiments with only one excep- 
tion Experiments on cats were confirmatory 
It appears doubtful whether the diminishing 
response to continued direct stimulation maj 
be regarded as a simple fatigue phenomenon 
Rather it appears more likely to be due to 
some kind of rectification or polarization m the 
tissues, however, not to polarization of the 
electrodes themselves 

The more intimate mechanism of these 
effects is being investigated The effects them- 
selves appear to have some practical signifi- 
cance in connection with the therapeutic use 
of alternating currents in muscle stimulation 
They may also be of importance in relation 
to fundamental aspects of excitability and 
fatigue in striated muscle 
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“Folic Acid” Active Compounds in the Nutrition of the Monkey * 

J M Cooperman, C A Elvehjem, K B McCall, and W R Ruegamer 

From the Department of Biochemist) y, College of Agriculture, Umveisitv of Wisconsin, 

Madison. Wis 


Two years ago we reported 1 that the norite 
eluate concentrate of Hutchings et al ,~ a rich 
source of “folic acid,” was active m producing 
normal growth and preventing leucopema in 
monkevs given a synthetic ration containing 
all the B vitamins available in pure form 
Hutchings et al s had shown previously that 
this concentrate contained factors necessary 
tlie approval of the Directoi or 
the Wisconsin Agiicultunl Experiment Station 
This voik ms aided in pnit b} a giant from the 
National Foundation foi Infantile Paralysis, Inc 
We wish to a (.know ledge oui mdrbti Iness to 


for the normal development of chicks More 
recent!}' Briggs et al 4 concluded that the 
norite eluate contains at least 3 factors folic 
acid necessary for the growth of Lactobacillus 
caset, vitamin B 10 , necessary for normal feath- 
ering, and vitamin Bn, necessary for normal 
growth m chicks They 5 further demon- 
strated that fractions high in vitamin Bio and 

Mirch and Co, Kaliway, I\ r J, foi the crystalline 
\ Italians to Wilson Laboratories, Chicago, 111 , for 
the \ mous Inci piepaiafions, to Dr J J Phffner 
of Paihe, Dims and Co, Detroit, Mich, for the 
cr%stillme B c and B c conjugate, to Dr B L 
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B v activity out low in iol c aed can promote 
excellent growth and leathering in the chick. 
Pfinner cl c jr isolated a crystalline comoound 
from liver widen tney called vitamin B t anc 
found that it has oath growth-promoting and 
nemopo'etic properties :or the chick. Since 
vitamin B c also has growtn-promotmg proper- 
ties for Lcclobzc'^js case; these workers sug- 
ses'ed that vitamin B ; Hutchings norite 
eluate factor and Williams ;oLc ac'd am 
pronably , dentinal Binkley and coworkers' 
isolated from yeast a B r conjugate which has 
vtarnin B_ activity for the chick but no 
activity for ire bacterium However, upon 
eazymat'c digestion the B c conjugate becomes 
active as a source of B. for the Laclobcc '1 is 
casa Day and coworkers'' reported mat 
highly panned Led abac V is case. factor was 
effective in treating vitamin M-defiaent 
monkeys In this paper we wisn to report 
tne relative effectiveness of vitairun B -> and 
Bi; concentrates vitamin B r vitamin B- con- 
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jugate and the synthetic LcdobcdHjs case : 
factor wren used in place of the norite eluate 
concentrate in our panned rations for the 
monkey. 

Extern. :iJd The method of handling the 
monkeys has oeen described previously 10 The 
M-2 basal d ei consisting of sucrose 73 Laboo 
casein IS salts IY - com oil 2 cod liver oil 3 
was fed cd Lb'Jjrr and supplemented with 
adequate amounts of ascorbic acid thiamine 
rinodavm nicotinic acid pyridGmne. choline 
pamotrenic ac’d inositol, p-ammobenzo.c and 
and b'otin. 

A liver fraction high in B^-i and Bn activity 
out low m fohe add activity was prepared 
according to the directions of Briggs el el. 7 
In brief thus method consists of dialysing a 
concentrated superfiltrol eluate 2 in a cello- 
pnane hag 2 gainst cold water for 96 hours 
Tre res'aue is saved and placed in a Ylsking 
cd’ulose casing and dialysed against hot dis- 
tilled water The dmlysate is saved and con- 
centrated so that 1 cc of the final solution is 
equivalent to 10 g of the original soluoilized 
liver extract (fraction L) 

The dialv-sate was assayed for Bin and B n 
activity usmg chicks and for lobe add using 
the m crohio'ogical method Using as a 
Standard (103^7) tne growtn and feathering 
oi cfl cks fed a ration containing 25 c solu- 
Dilized liver (fraction L) one cc of the 
dialysate snowed °55c B J0 and B n activitv. 
Assay with Streptococcus leelss showed tnat 
I cc of the oialysate contained l ess than 10 - 
iol c acia using cn stalline vitamin B- as the 
stan card 

Si ic cs ur. i l Bin ci d Bn Corcer.frclcs 
Throe monkeys Xo 217 2 IS and 219 were 
maced on tne basal ration ana given dailv 1 cc 
oi ire concentrated dialysate. The monkeys 
grew at a slow rate for S weeks alter whicn 
tnev oegan to lose weight. The supp’ement 
was men increased to 2 cc per dav equivalent 
to 20 g of the oigmal solubilized liver Tuts 
too proved lo be inadequate and wilrun two 
weeks tne monkeys o scarce cachetic and dev el- 
oped anorexia Monkeys 217 and 219 were 

"VV^5”au. E. A. r- 1~ ac..^ j- J r _ 

> ~ c A and CLir_ ? F. J AY..- c- Jo.-j 
2G _<5 
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given 2 cc of the crude norite eluate concen- 
trate daily equivalent to 10 g of the original 
solubilized liver m place of the dialysate, and 
within a week they began to gain weight 
rapidly, and the cachexia soon disappeared 
Four weeks later the norite eluate concentrate 
level was reduced to 1 cc per day equivalent 
to S g solubilized liver, and the monkeys 
continued to grow at the same rate 

Monkey 218 developed a severe diarrhea 
and refused to eat the ration Since folic acid- 


blood cell counts were made 3 times a week 
Preliminary results showed that the free 
vitamin B c caused a more rapid response than 
an equivalent amount of the conjugate How- 
ever, it soon became apparent that a com- 
plicated deficiency existed m tw T o of the mon- 
keys and so individual case histones are gnen 
for purposes of clarification 
No 219 After 2 weeks of supplementation 
with 200 y B c conjugate the white blood cell 
count rose from 5,000 to 11,000 per cmm and 


deficient monkeys occasionally develop dysen- 
tery, this monkey was given 1 g of sulfasuxi- 
dine per day In addition the M-2 basal was 
supplemented wuth 3% whole liver pow'der 
w'hich was fed together with the sulfasuxidme 
by stomach tube After a w r eek the diarrhea 
disappeared, and the monkey regained its appe- 
tite so that the tube feeding w'as no longer 
necessary Shortly thereafter a sharp increase 
in weight occurred, and the monkey continued 
to gain at a rapid rate Apparently a concen- 
trate showing high vitamin Bi 0 and B n activ- 
ity is inadequate as a source of the essential 
factor for the monkey On the other hand the 
crude norite eluate concentrate carries the 
active factor since it caused a resumption of 
grow'th when fed to the deficient monkeys 
Studies with Crystalline B c , B c Conjugate, 
and Synthetic Lactobacillus casei Factoi The 
same monkeys (No 217, 218, and 219) were 
used in this study and were returned to the 
basal ration after having been on the folic 
acid complete ration for 3 months In the 
case of monkeys 217 and 219 the norite eluate 
concentrate w'as discontinued whde the whole 
liver pow’der was removed from the diet of 
monkey 218 After 10 weeks on the basal 
ration the growth rates of these 3 monkeys 
decreased considerably At this point monkey 
217 had a white blood cell count of 8,000 per 


cmm, monkey 218 5,000 per cmm, and mon- 
key 219 5,000 per cmm These low counts 
and the reduced growth rates were good indi- 


cations that a characteristic “folic acid” defi- 
ciency existed 1 A week later the animals 
began to lose weight, and accordingly therapy 
with B c and B c conjugate was instituted 
100 y of vitamin B c per day w'as added to the 
ration of monkey 217, and 200 y B c conjugate 
to the ration of monkeys 218 and 219 VI hite 


the animal maintained its weight During the 
next week the monkey show'ed a small increase 
m weight The B c conjugate level was then 
increased to 300 y per day, but this change 
had no additional effect either on the white 
blood cell level or weight Two weeks later 
tne monkey started to lose weight but the 
white blood cell count did not fall 100 y 
B c per day W'as substituted for the B c conju- 
gate but the monkey continued to lose weight 
during the next 2 w’eeks Substituting 150 y 
of the synthetic Lactobacillus casei factor for 
the B c for one week also proved ineffective in 
checking the decline m weight Hemoglobin de- 
terminations showed that the monkey was 
anemic, the values averaging 8 g of hemo- 
globin per 100 cc of blood Differential white 
cell counts indicated a definite reversal in the 
neutrophile-lymphocyte ratio These changes 
are typical symptoms of a deficiency of the 
monkey anti-anemia factor 11 12 Since the 
leucocyte count was 16,000 per cmm it seemed 
unlikely that a concomitant folic acid defi- 
ciency existed Whole liver powder, a good 
source of the monkey anti-anemia factor 1 ! 
w'as then fed at a level of 3°/o of the ration 
The monkey rapidly increased in w eight, gam- 
ing 600 g in one w r eek, and the hemoglobin 
level rose to 12 2 g per hundred cc The 
neutrophile-lymphocyte ratio returned to nor- 
mal within 2 weeks Evidently the B c con- 
jugate, B c , and the synthetic Lactobacillus 
casei factor w'ere effective in combatting the 

il Coopeimui, J IT , Wusnnji, H A, M 1 C 1 II, 

K B, and Ehelijem, C A, J Nutrition, 1943, 
30, 45 

l- McCall, K B , Waisman, II A , Eh elijem, 

C A, and Jones, E S , J Nutution, in press 
i ’ Coopeunan, J M, McCall, K B, and Eht 
Iijeni, C A , Snencc, 1945, 10 2, G45 
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The effect of B c conjugate, yitamin B c , the synthetic L casei fattoi and whole liver powder 
on the growth leucocytes, and hemoglobin of a monkey yvith a complicated folic acid deficiency 
The ley els of the yanous supplements were fed daily for the period of time indicated on 
the graph 

7 B c conj =: ng of B c conjugate 
7 Yit B c = fig of vitamin B c 

7 L casci factor = fig of synthetic LactoVacillws cam factor 
MLS ~ whole In ei substance (whole In er powder) 


folic acid deficiency but whole liver powder 
was necessan in addition for the monkey to 
recover from the monkey anti-anemia factor 
deficiency which was precipitated The data 
are summarized in Fig 1 

No 218 The ration of this animal was 
supplemented with 200 y B c conjugate Dur- 
ing the next 10 days the monkey continued to 
lose weight, and the leucocyte count did not 
rise significantly Hemoglobin determinations 
showed that the animal was not anemic since 
the values were m the range of 14 3 g per 
hundred cc The monkey was then given 
100 y B c per day instead of the conjugate, 
and within a week the monkey increased in 
y\ eight and the leucocyte count increased to 


IS, 000 per emm The yy eight gain continued 
as did the rise in leucocytes, and after 4 yyeeks 
the synthetic Lactobacillus casei factor yvas 
substituted for the B c at a ley r el of 100 y per 
day The yy eight increase continued at the 
same rate and the leucoc) te count eventually 
reached 26,000 per emm Differential leuco- 
cyte counts shoyyed a normal neutrophile- 
h mphocyte ratio In this case there appeared 
to be no complicating deficiencies The B c 
conjugate at a level of 200y per day proyed to 
be insufficient in correcting the folic acid defi- 
ciency on the other hand 100 y B r per day yyas 
quite effective as yyas the synthetic Lacto- 
bacillus casci factor Since this monkey had 
been gnen a ration containing 3% yyhole 
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Fig 2 

The effect of B c conjugate, vitamin B c , and the synthetic L casci factor on the growth, 
leucocytes, and hemoglobin of a monkey with an uncomplicated folic acid deficiency 

The lei els of the -various supplements uere fed daily for the period of time mdicateed on 
the graph 

7 B c conj z= ft g of B c conyugate 
7 Yit lB c = fig of vitamin B c 

7 L casci factor = fig of synthetic Lactobacillus cam f ictoi 


liver powder for 3 months before it was placed 
on the M-2 basal, it is very likely that it had 
an adequate store of the monkey anti-anemia 
factor and developed an uncomplicated folic 
acid deficiency The data for this animal are 
summarized m Fig 2 

No 217 The weight loss in this monkey 
was arrested after the animal received 100 y 
of B c per day for 1 week and the leucocyte 
count rose to 13,000 per emm During the 
ne\t 3 weeks the leucocytes remained at a 
level of 14,000 per emm but there was only 
a slight increase in weight The level of B c 
was increased to 150 y per day and during 
the next 10 days the weight increased at a 
slightly greater rate At this time the leuco- 
cyte count was 20,000 per emm ISO y of 
the synthetic Lactobacillus casci factor per day 


lias then substituted for the B c and the mon- 
key continued to grow at the same rate and 
maintained its leucocyte count Hemoglobin 
values ranged between 11 and 12 g per 100 cc 
for this monkey and differential counts showed 
a reversed neutrophile-lymphocyte ratio These 
together with the poor growth rate indicated 
the existence of a complicating deficiency of 
the monkey' anti-anemia factor The leuco- 
cyte count on the other hand responded to 
the B c and Lactobacillus casci factor 

Discussion The crude norite eluate con 
centrate has been used m our earlier work as a 
source of folic acid in our purified monkey 
ration Since it is desirable to substitute as 
soon as possible, crystalline compounds for 
crude concentrates in nutritional studies, folic 
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acid-like compounds were tested for activity 
Vitamin Bi 0 and Bn concentrates which are 
prepared from the crude norite eluate appar- 
ently do not possess activity for the monkey 
but do contain compounds which are available 
for the chick Crystalline vitamin B c or the 
synthetic Lactobacillus caset factor can replace 
the norite eluate concentrate in the ration of 
the monkey each possessing about equal activ- 
ity Evidently the B c conjugate is less active 
than either of these two compounds 

A deficiency in the monkey anti-anemia 
factor complicated the folic acid deficiency, 
similar conditions have been observed in ribo- 
flavin, 11 B 0 and pantothenic acid 42 deficiency 
in the monkey This deficiency is charac- 
terized by a suboptima! hemoglobin level, lack 
of growth and a reversal in the neutrophile- 
lymphocyte ratio In the normal monkey the 
lymphocytes constitute 60-70% of the total 
leucocytes and the neutrophiles 25-35% How- 
ever, in monkeys deficient in the monkey anti- 
anemia factor the ratio is reversed and the 
neutrophiles rise to 60-70% of the total leuco- 
cytes and the lymphocytes fall to 25-35% 
while the total leucocyte count is not appre- 
ciably reduced There is, therefore, an actual 
increase in the number of neutrophiles and a 
decrease m the number of lymphocytes 
Therapy with whole liver corrects this reversal, 
and produces a normal hemoglobin level and a 
resumption of growth 

The folic acid deficiency evidently' precipi- 
tated a deficiencv of this factor in the monkeys 


which had never received a ration containing 
whole liver Thus in monkey 219 the low 
leucocyte count due to folic acid deficiency 
was corrected by vitamin B c but whole liver 
was necessary to correct the neutrophile- 
lymphocyte ratio reversal, the low hemoglobin 
levels and the loss in weight On the other 
hand monkey 218 was fed 3% whole liver 
poivder in the ration for 3 months and conse- 
quently had an adequate store of this factor 
rvhen the folic acid deficiency developed This 
animal showed the best response to the various 
crystalline supplements since the folic acid 
deficiency w 7 as uncomplicated Monkey 217, 
like monkey 219, showed a good leucocyte 
response to therapeutic doses of vitamin B c 
The weight response on the other hand w 7 as 
poor and blood studies showed that a dyscrasia 
existed typical of a deficiency of the monkey 
anti-anemia factor 

Summary Vitamin B 10 and Bn concen- 
trates w 7 ere inactive as a source of folic acid 
for the monkey 

Crystalline vitamin B c and the synthetic 
Lactobacillus caset factor were active as a 
source of folic acid for the monkey w 7 hen fed 
at a level of 100 y per day The B c conjugate 
had less activity when fed at levels of 200 and 
300 y per day' 

Folic acid deficiency piecipitates a defi- 
ciency for the monkey anti-anemia factor 
which is characterized by lack of grow th, sub- 
optimal hemoglobin levels and a reversal m 
the lymphocyte-neutrophile ratio 
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A Differential, Microbiological Assay for O-Heterobiotin ’’ 

T D Luckey, P R Moore, and C A Elvehjem 
hrom the Department of Biochemistry, ( olleqc of Aqnciiliinc, Unncisity of 71 iscousm, 

Madison , TYis 


O-Heterobiotin (an analog of biotin m 
w'hich the sulfur atom has been replaced by 
an oxygen atom) has biotm-like activity for 
L caset , 1 23 S cerevtstce , 1 23 R trijohi, 4 

* Published with tl\e approx al of the Director 
of tlic Wisconsin Agricultural Experiment Station 
Suppoited in part by grints from the 'Wisconsin 


L atabmosus , s 5 chicks, 3 and for counteracting 
egg w 7 hite toxicity in rats 3 s Hofmann et al 
have developed an assay for O-heterobiotin 
xvith S cei evtstrn after the biotin m the sample 

Alumni Research Foundation and Swift and Com 
pany 

Wo thank Herd, and Co, Inc, Rahway, NT, 
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has been destroyed by permanganate oxida- 
tion 4 In an attempt to develop a differential 
microbiological assay for O-heterobiotm we 
have tested its activity for representative 
microorganisms from several different genera 
The results with L aiabmosns 17-5 and S 
jaccahs R are presented here 

Experimental The general procedures used 
and the preparation of the basal medium con- 
stituents are similar to those used in the assay 
of folic acid 0 A 24-hour-old inoculum of each 
microorganism is centrifuged and resuspended 
separately in sterile saline solution One drop 
of each suspension is inoculated separately 
into duplicate sterilized tubes which contain 
5 ml of basal medium (Table I), the sample, 
and distilled water to give a total volume of 
10 ml Standard curves with biotm and 
O-heterobiotin are run simultaneously with 
graded levels of the sample The tubes are 
incubated at 30° for 16-20 hours and the 
growth is measured with the Evelyn photo- 
electric colorimeter 

Since the activity of O-heterobiotin for 
L arabmosns may vary from one assay to 
another, a factor relating the activity of 
O-heterobiotin to that of biotin must be ob- 
tained for each assay An average of 3-5 
ratios obtained from different sections of the 
standard curves gives a reliable activity factor 
since the ratios are constant within each assay 

The biotin content of a sample may be 
determined directly from the standard biotin 
curve obtained with 5 jaecalis The O-hetero- 
biotin content may be calculated by multi- 

foi the crystalline yitunnns and Dr S H Rubm 


TABLE I 

Medium for 0 Heterobiotin Determination 


Constituent 

Cisem 

Tryptophane 
Cystine 
Glucose 
Na acetate 
K_J1P0 4 

Speahinan ’s salts B 
Adenine S0 4 
Guanine HC1 
X uitlimo 
Uiacil 

Tluamm HC1 
Riboflavin 
Nicotinic ltid 
Pyndoxine HC1 
Py ridoxal HC1 
a Pi racm* 

Biotm 

Synthetic folic acidt 
Ca pantothenate 
p Aminobcnroic acid 
Water 
pH 


Amt for 10 tubes 
(100 cc of complete 
medium or 50 cc basal) 


0 5 cc 

1 0 mg 


*5Pyndo\ic acid, oi the lactone of 2 methyl 3 
by di o\y 4 liy droxy methyl 5 c irbowpy ridme are 
other names for this compound obtained from 
Meich and Co tluough the courtesy of Di Karl 
Folheis 

t Obtained tluough the courtesy of Di B L 
Hutchings at Ledoile Labor itones, Inc 


plying the activity factor for O-heterobiotm 
by the difference between the apparent biotin 
content as measured yvith L arabtnosus and 
the biotin content obtained with S jaecalis 
These calculations may be summarized 

O = h (Ba Bt), yyliere 

0 = 0 hetci obiotm content of the sample, 
h = actiy lty factor for O lieterobiotm compared 
to biotm yutli L orabmows, oi 


and Di J A Aesclilimann of Hoffmann L iRoclie, 
Tne , Nutlcy, N T , for the O lieteiobiotin 

l Duschmsky, R, Dolan, L A, Florrei, D, and 
Rubin, 8 II , Aich Biochcm , 1945, C, 480 

ePilgmn, F J Axelrod, A E, Winnick, T, 
and Hofmann K , Science, 1945, 102, 35 

-> Hofm mil, K, McCoy, R If, Felton, T R, 
Axeliod, A E , and Pilgrim, F J , Arch Biochcm, 
1945, 7, 393 

4 Hofmann, K , and W liimch, T , J Biol Chem , 


1945, 100, 449 ^ 

Rubm, S II, Flonei, D, Rosen, F, and 

Drekter, Tj , Aich Biochcm , 1945, 8, 79 

oLuekey, T D, Buggs, G M, Tr, and Ehe 
hjem, C A, / Biol Chon, 1944, 152, 15, 


amount of 0 lieterobiotm needed to produce x 
grou til 

amount of biotm needed to produce \ gionth 

Ro = ippaient biotm content as determined yyitli 
L ai abinoiui, md 

Bt = true biotm content obt lined mth S faccahs 

The folloyving procedure is used to liberate 
bound biotin Add one gram of sample to 
25 ml of 2N/H 2 S0 4 , autoclave at 122° for 
2 hours, neutralize yvith 4N/NaK(OH) 2 (a 
mixture of sodium and potassium hydroxide 
is used to keep a balance of these 10 ns m the 
medium), filter and dilute as needed When a 
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Fig 1 

Stamlanl times with biotin (A) and 0 lictero 
biotin (B) obtained with L arabmosus (I) and 
,S faccahs (II) 

* G p= Gab anometer leading with inoculated 
blink set at 100 

TABLE II 

Effect of pH on tlic Actmty of d,l O Hetcrobiotin 

% actmty compared 
to d biotin 

, , Tubes used for 


pH 

Sf* 

La t 

each aalue 

(* <1 

no 

33 

20 

It s 

1 7 

44 

40 

7 0 

2 5 

39 

40 

7 3 

7 o 

29 

20 


* S f = Streptococcus faccalis 
t In = Lactobacillus arabtnosus 


small amount of O-heterobiotin was hy r dro- 
lyzed its activity for L arabtnosus decreased 
slightly 

Throughout this work rf-biotin has been 
compared to rf,(-0-heterobiotin If onlv the 
rf-form of O-heterobiotin is active, the values 
given here should be increased correspond- 
ingly 

Results A typical set of curves for the 
assay of O-heterobiotin (Fig 1) indicates that 
its activity relative to biotin is constant 
throughout the curves obtained with L arab- 
titosus Low levels of O-heterobiotin are some- 
what inhibitory for 5 jaecalts w'hile higher 
le\els are about 2% active The activity of 
O-heterobiotin for 5 jaecalts may' be disre- 
garded since any amount of O-heterobiotin 


w'hich wall produce appreciable grow'th for 
this organism (more than 8my) gives maxi- 
mum growth fori arabtnosus 

In an attempt to find why the activity 
factor for O-heterobiotin varied with different 
assays, standard curves were run at various 
pH levels The results (Table II) indicate 
that the activity of O-heterobiotin relative 
to biotin for S jaecalts increases as the pH is 
increased from 6 6 to 7 3, while the activity 
of O-heterobiotin relative to biotin for L 
arabtnosus is greatest at pH 6 8 Thus, pH 
6 8, w'hich was originally used, gives the 
greatest differentiation 

In order to test the effect of biotin upon the 
activity of O-heterobiotin graded levels of 
O-heterobiotin were added to tubes containing 
a known amount of biotin The amount of 
O-heterobiotm found corresponded well wnth 
the amount added (Table III) The amount 
of biotin found in tubes containing large 
amounts of O-heterobiotm was greater than 
the amount of biotin added This mav be 
due to an increased sensitivity m both bacteria 
for O-heterobiotin m the presence of biotin 
When certain natural materials were ana- 
lyzed for O-heterobiotm the results (Table 
IV) indicated that if this compound occurs 
naturally its extent is limited When O- 
heterobiotin was added to fresh kidney, after 
acid hy'drolysis, the biotin content as measured 
wuth 5 jaecalts was identical to the value 
obtained for kidney wuthout the added 0- 
heterobiotm The apparent biotm content, as 
measured wuth L arabtnosus w'as higher 
When the values obtained were applied m the 
above formula, the recovery' of O-heterobiotm 
was very satisfactory (Table IV, No 8) 
Discussion The name O-heterobiotin is 
used in this paper in conformity with the first 
common name to appear in the literature 1 
rather than the later name oxybiotin 2 since 
the latter does not definitely' distinguish be- 
tween this compound and such compounds as 
biotin sulfoxide and biotm sulfone 

Since O-heterobiotin does not seem to occur 
naturally', biotin values previously' obtained 
are probably not invalidated by this new com- 
pound However, there does seem to exist 
naturally' a compound in chicken muscle and 
fresh lamb kidney' which has more biotm 
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TABLE III 


Recoi cry of 0 Heterobiotin 



Biotm per 
tube, 
niy 

O lieterobiotm 
per tube, 
my 

Biotm 

found/ 

my 

O lieterobiotm 
found, t 
my 

% recovery of 

O lieterobiotm 


05 

05 

0 5 

0 48 

96 


05 

1 

0 6 

1 14 

114 


05 

1 

0 6 

0 9G 

96 


05 

O 

0 75 

2 10 

105 


05 

4 

0 75 

4 35 

109 


* S faecahs value 





t (La value — S f lalue) X factor 

— O heteiobiotm 






TABLE IV 





O Heteiobiotm Content of Natunlh Occuinng Matenals 





Y “Biotin’ Vg 



llatenal 

f 

S faecahs 

L auibinosus y 

O heterobiotm/g 

1 

Fresh beef liver 

12 

ii 

00 

0 

Fresh cluck bier 

0 90 

0 88 

00 

3 

Fresh cluck leg muscle 

0 15 

0 02 

00 

4 

Difco yeast extract 

33 

3 3 

00 

5 

Gnss juice powder 

0 40 

0 39 

00 

C 

Vitab 


1 0 

0 03 

00 

7 

Flesh lamb kidney 

0 90 

0 66 

00 

8 

Fresh lamb kidney + 1 y O heterobiotin 0 00 

161 

10 


activity for S jaccahs than for L arabtnosus 
When O-heterobxotin is fed or injected into 
animals, it might be expected to occur to 
some extent in the tissues 

Summary A differential microbiological 
assay for O-heterobiotin with 5 jaccahs R and 


L arabtnosus 17-5 has been developed Assays 
of several natural materials indicated that 
O-heterobiotin does not occur generally, but 
that a metabolite does exist in animal tissues 
which has biotin activity for 5 jaecahs and 
not for L arabtnosus 
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Sodium Salicylate Inhibiting Anti-Rh Immunization m Animals 

F Homburger (Introduced by G R Minot ) 

From the Thornclil e Memoual Laboiatorii, Second and routth Medical Services (Harvard), 
Boston City Hospital, and the Depaitiiicnt of Medicine, Hanaid Medical School, Boston 


The inhibition of anti-RH agglutinins by 
ethylmercuri-thiosalicylate in vitio has been 
shown by Waller 1 and sodium salicylate is 
known to impair the formation of antipneu- 
mococcic immune antibodies in rabbits 2 The 
present preliminary study suggests that sodi- 
um salicylate inhibits the formation of anti- 
Rh agglutinins in guinea pigs and in rabbits 

Expemnental Procedure Forty guinea 
pigs and 20 rabbits were used All ani- 
mals were immunized by the injection of 
red blood cells from rhesus monkeys Guinea 
pigs received mtraperitoneal injections of 
1 cc of washed rhesus cells suspended in 
saline on the third and on the eighth day 
of the experiment Rabbits were given in- 
travenous injections of 0 01 cc of citrated 
rhesus blood in 1 cc of saline on the 4th, 
5th, 6th, 11th, 12th and 13th days of the 
experiment Half of the number of the ani- 
mals received 0 16 g of sodium salicylate 
per kg of body weight daily by stomach tube 
(guinea pigs) or by subcutaneous injection 
(rabbits) starting the first day of the ex- 
periment and continued up to 48 hours be- 

1 Wilier, K , Am J Clin Path , 1944, 8, 116 

2 Swift, II P, J Exp Hcd, 1922, 30, 735 


fore the blood was examined, 7 days after 
the last injection of rhesus blood Anti-Rh 
agglutinins were looked for by the method 
of Landsteiner and Wiener 3 m the case of 
the guinea pigs 4 and by a modification of 
Diamond’s 1 method, using human albumint 
in the case of the rabbits Negative read- 
ings were confirmed by microscopic exam- 
ination Serum salicydate levels were meas- 
ured by the method used by Coburn 3 

Results and Discussion Of 21 animals! 

■i L mdsteinei, K, and Wiener, A S , J Exp 
Med, 1941, 74, 309 

4 Di imoiul, L K , and Denton, B L , J Lab and 
Clin Med , 1945, 10, 821 

* Some ol these sen were examined hj Dr L K 
Diamond whose cooperation is gratefully achnowl 
edged 

t The tlbunnn used was a sample prepaied hi 
the Hanard Fractionation Laboratoiy and ob 
t lined tin ougli the com test of Prof E J Colin 

■'Coburn, A F, Bull Johns Hop} ms Hosp , 
1943, 73, 435 

t An epizootic desenbed elsewhereC destroyed 9 
of the guinea pigs and 12 rabbits died from 
ispiration pneumonia 

0 Homburgci F, Wilcox, C, Barnes, 31 W, and 
Finland, 31, Science 1945, 103, 449 
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that had not received any sodium salicylate, 
15 showed anti-Rh agglutinins following the 
injection of rhesus blood In the case of the 
rabbits these were stronger which suggests 
that the methods used on these animals were 
better suited for such experiments 

Of 18 animals w’hich had received sodium 
salicylate during the period of immuniza- 
tion only 2 showed microscopic agglutination 
of Rh positive cells 

No free salicyl radical was found in any 
of the sera tested which suggests that in vivo 
salicylate inhibits the formation of agglutinins 
rather than their effect in the plasma 


These findings call for confirmation and 
salicylate prophylaxis for erythroblastosis 
fetalis is not suggested here On the con- 
trary, the toxicity of this drug is again 7 
emphasized However, these experiments in- 
timate the possibility of a chemotherapeutic 
approach to the subject of iso-immunization 
Summary In guinea pigs and in rabbits 
the formation of anti-Rh agglutinins follow- 
ing the injection of rhesus monkey blood 
cells appears to be diminished when sodium 
salicylate has been administered 3 days prior 
to and during the period of immunization 

* Hombuigu, F A m J Met 1 Set m press 
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Biochemical Changes Following Poisoning of Rats by Alpha- 

naphthyl th l on rea 

K P DuBois, L W Horn, and W L Doxle 

From the University of CUicatjo Toxicity Laboratory * 


Alphanaphthylthiourea (ANTU) has been 
proposed as a rodenticide because of its ef- 
fectiveness against Norway rats Richter 7 
has shown that poisoning by this com- 
pound is characterized by (a) development 
of intense pulmonary edema and pleural ef- 
fusion, (b) marked resistance of herbivores 
m comparison to carnivores, (c) greater re- 
sistance of younger animals, (d) a rapid de- 
velopment of tolerance after repeated sub- 
lethal doses These factors are individually 
significant in the action of many drugs The 
present study indicates that ANTU pro- 
foundly alters the carbohydrate metabolism 
in poisoned animals and that the administra- 
tion of cysteine counteracts these effects in 
rats 

Expel mental Purina Chow was used as 
diet for adult albino rats ANTU was 
administered intrapentoneall y m propylene 

» This limb ins curled out under contract with 
the Medical D.ms.ou of the Chemical Wurfaic 

1 Richter, CP ,J Am Med Assn , 1945, 129, 
927 


glycol (5 mg ANTU per ml solvent) The 
solvent alone produced no observable effects 
Under these conditions the LD-50 was ap- 
proximately 3 0 mg per kilo A dose of 10 
mg per kg killed all rats between 6 and 24 
hours after injection Glucose was deter- 
mined by the method of Folin and Malmros 2 
and glycogen according to Good et al 7 Our 
initial experiments consisted blood glucose 
determinations on rats prior to and 2 5 hours 
after injection of 10 mg per kg of ANTU 
In 6 rats the average normal blood glucose 
rose from 68 ± 2 mg % to an average of 
173 ± 18 mg % in 2 5 hours after poisoning 
It was later observed that this initial hyper- 
glycemia was followed by hypoglycemia which 
might be due to depletion of liver glycogen 
Eight rats were fasted for 7 hours after 
W'hich time 4 received 10 mg per kg of ANTU 
intrapentoneally Food was withheld from 
both groups for another 8 hours after which 

- Folin, O , and Malmros, H , J Biol Client , 
1029, 83, llo 

a Good C A, Knmei, H, nid Somogn, M, 

T Biol client , 1933, 100, 4S4 
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TABLE I 

Effect of AXTU on Synthesis of Liru Glycogen 


Controls AXTU— 10 mg/kg 


Glucose schedule 

Bet Xo 

Glycogen % 

Rot Xo 

Glftogen % 




15 

014 

TO 

11 




10 

0 14 

23 

07 

0 15 g/hr 

for 

2 hi before death 

17 

0 48 

24 

09 




IS 

0 2S 

25 

12 

II 

1 I 

4 m 33 33 

19 

0 95 

2G 

03 




20 

1 20 



II II 

I I 

g ii ii ii 

21 

1 20 

27 

10 






28 

05 




TABLE II 






Effect of Cisteme on the Toxieitr of AXTU 



Group 


AXTU (mg/hg) 

Crsteme (mg/hg) Mortilih 

% Mortality 7 

1 


to 

0 

5/5 


100 

2 


10 

200 

2/2 


100 

3 


10 

400 

3/5 


60 

4 


10 

700 

1/5 


20 

5 


10 

1000 

0/5 


0 


time all of the animals were sacrificed by 
decapitation The livers were removed and 
frozen on dry ice Decapitation and re- 
moval of the livers was accomplished within 
1 minute to prevent glycogenolysis Whereas 
the average liver glycogen values for the con- 
trol animals was 1 13% ± 25, that of the 
ANTU-poisoned group was only 0 019% ± 
006, clearly indicating a depletion of liver 
glycogen in rats poisoned with ANTU 
The glycogenic activity of the liver of 
ANTU-poisoned animals was then examined 
Fourteen female rats were fasted 16 hours 
after which time 7 rats were given 10 mg 
per kg of ANTU intraperitoneally A 10% 
glucose solution was injected intraperitoneally 
at hourly intervals into the fasted controls 
and the ANTU-poisoned animals All the 
animals were killed 6 hours after ANTU was 
injected and liver glycogen was determined 
as previously described The quantity of 
glucose injected per rat and the results of 
the liver glvcogen determinations are given 
in Table I The animals which had received 
10 mg per kg of ANTU were unable to de- 
posit liver glycogen, while controls deposited 
glycogen after glucose injections 

Possible methods of counteracting ANTU 


poisoning are of interest not only with respect 
to the mechanism of action but also from 
the standpoint of obtaining therapeutic 
measures for accidental poisoning It ap- 
peared possible that ANTU reacts with sul- 
phvdrvl groups Cysteine w'as the first sul- 
phydryl compound tested Rats were given 
10 mg per kg of ANTU (5 mg per ml m 
propylene glycol ) intraperitoneally Varying 
amounts of cysteine (100 mg per ml m 
saline) were injected intraperitoneally into 
5 groups of rats immediately after injection 
of ANTU The results given m Table II 
show 7 that cysteine, at a level of 1 g per 
kg effectively 7 counteracted the lethal action of 
an LD-100 dose of ANTU, and partial pro- 
tection was obtained by 7 lower doses of 
cy'steine in rats Additional results indicate 
that intraperitoneal injection of cysteine is 
equally effective against ANTU administered 
by stomach tube Protection to the same 
degree was not obtained in dogs receiving 
a lethal dose of ANTU 

Summary and Conclusions The mtra- 
peritoneal injection of 10 mg per kg of 
ANTU into rats ca used a marked rise in 

bloo d sugar from an a\e rage_ i-alue— of— 6S 

mg % and 173 mg % m 2 5 hours Liver 
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glycogen values fell from a normal of 1 13% 
to 0 019% ANT U-poi soncd— animal s were 
unable tolxLeposiUliv er glycoge n While these 
experiments demonstrate a disturbance in 
carbohydrate metabolism, they do not prove 
that death from ANTU is due to these 


changes In rats large doses of cysteine 
-(1000 mg per kg) affdrded"protectioir-from 
death againsFlO mg per kg of ANTU The 
relationMfMweHrTuhg'^ama^'ancTTnipair- 
ment of glycolysis and/or respiration is under 
investigation 
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Modification of Anaphylaxis by Benadiyl J ‘ 

J 4 Wells, H C Morris, and Carl 4 Dragstedt 
Pro in the Department of Thai macology, Xorthwcstu n tiincisity Medical School, Chicago, III 


It has been recently shown that beta- 
dimethyl anunoethyl benzhydryl ether hydro- 
chloride (Benadryl) inhibits the action of 
histamine on the bronchi and ileum of the 
guinea pig 1 The subsequent demonstration 
that this drug is capable of reducing the 
severity of anaphylaxis in the guinea pig 2 
is in accordance w ith the repeated demonstra- 
tion that anaphylaxis in the guinea pig is due, 
in large part, to bronchospasm resulting from 
the action of histamine which is liberated 
from the lung 3 " 8 

We have demonstrated that Benadryl in- 
hibits the vasodepressor action of histamine 
m the anesthetized dog and have suggested 
that this inhibition is due to competition of 

* This study w us aided m part hi a grant from 
the Clan A Abbott Fund of Xoi tlmestern Urn 
\eisiti Medical School 

The Benadnl used in these studies ms furnished 
to us through the couitcsi of Paike, Dans and 
Company 

iLoen, E E, Kaisei, M E, and Moore, V, 

J Thai m and Dip Thciap, 1945, 83, 120 

2Loew, E E, and Iviistr, M E, Proc Soc 
Exp Biol \nd Med , 1945, 58, 235 

3 Bartosch, E , Feldberg, W , and Nagle, E , 

P flag ci ’s Aich , 1932, 330, 129 

4 Waehstem, M Pflugci •„ Arch , 1932, 231, 24 
a Daly, I, Peat, S, and Schild, H, Quart J 

Exp Physiol , 1933, 25, 32 

oTJngai, G and Pmott, J L, C It Soc dc 
Inol, 1936, 123 676 

TEngar, G, Panott, J L , and Levillain, A, 

C P Soc de Inol , 1937, 125, 1015 
s Sclnld, II O J Physiol , 1937, 90, 34P 


Benadryl with histamine for its site of ac- 
tion 9 10 The purpose of the present investiga- 
tion was to determine the effect of Benadryl 
against anaphylaxis m the dog, a condition 
which, as m the guinea pig, is intimately con- 
nected with the release and action of 
histamine 11-13 

It has been showm that m fatal anaphylaxis 
in the dog from 3 2 to 4 7 mg of histamine 
per kilo (measured as acid phosphate) is 
liberated from the liver 10 It is also known 
that such doses of histamine injected intra- 
venously in dogs produce fatal shocks 13 11 
Therefore, preliminary to studies of anaphy- 
laxis, a series of 8 dogs w'ere injected intra- 
venously w ith 4 5 mg of histamine acid phos- 
phate per kilo These animals were pre- 
treated with a dose of Benadryl (10 0 mg 

9 Wells T A, and Morris, H C, Fed Proc, 
1945, 4, 140 

10 Wells, T A,Moiris, H C , Dragstedt, Call A , 
and Bull, H B , J Pharm and Exp Theiap, m 
pi css 

U Di igstedt, C A , and Gebauei Fuelncgg, E , 
Am J Physiol, 1932, 102, 512 

i- Gebauei Fuelnegg, E, and Dngstedt, C A, 
Am 7 PJn/siol , 1932, 102, 520 

!■! Di agstidt, C A and Mead, F B , J Phaim 
and hxp Thciap, 1936, 57, 419 

H Code, C F , Am T Physiol , 1939, 127, 7S 
13 Dragstedt, C A , and Mead, F B J Immunol , 
1936, 30, 319 

10 Ojers, G Holmes, C A , and Dragstedt, C A , 

J Phai in and Exp Thcrap , 1941, 73, 33 

lTDiagstedt, C A, and Mead, F B, Proc Soc 
Exp Biol and Mpd, 1935, 32, 1435 
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TABLE I 


Influence of Bemdnl on Ampin laxis m the Dog 


Degree of 
shock 

No and % of animals manifesting nrious degjees of shock 

(26) Non treated controls 

(22) Benadryl (10 mg/kilo) 

No 

% 

No 

% 

0 

8 

30 8 

3 

13 6 


O 

11 

4 

IS 2 


7 

26 9 

13 

59 1 

+++ 

0 

0 0 

2 

9 0 

++++ 

0 

34 6 

0 

0 0 


per kilo 1 v ) which previous experience has 
shown to produce nearly maximum histamine 
antagonism AH of these animals had severe 
shocks, but none of them died This ex- 
periment suggests that if histamine is the 
primary toxic factor in anaphylaxis, then no 
animals pretreated with 10 0 mg per kilo of 
Benadryl should die from anaphylaxis 

Forty-eight dogs were sensitized to horse 
serum by injecting 5 cc intravenously and 
5 0 cc subcutaneously From 13 to 15 days 
later these animals were anesthetized with 
sodium barbital and prepared for recording 
the carotid blood pressure All animals were 
given a shocking dose of 10 cc of horse serum 
intravenously In 22 of these animals, prior 
to the injection of horse serum, Benadryl 
(10 mg per kilo) wxis slowly injected in- 
travenously 

The fall m blood pressure occurring as a 
consequence of anaphylaxis w 7 as roughly 
quantitated as follows 0 = no fall in blood 
pressure, -f- = fall in blood pressure, but 
not to shock level ( j e 35-45 mm of mer- 
cury), -j — f- = fall in blood pressure to shock 
level, but with recovery beginning within 
30 mm , -j — | — f- = fall m blood pressure to 
shock level with no recovery within 30 min , 
H — I — I — b = fall in blood pressure to shock 
level with death within 30 mm 

Comparison of the 2 groups of animals 
(Table I) reveals that in contrast to a 34 6% 
mortality m the untreated series, no dogs died 
of anaphylaxis when they had been previous- 
ly treated with 10 mg per kilo of Benadryl 
It is apparent from the table that all evi- 
dence of anaphylactic vasodepression is not 
removed by Bernadryl This is not surpris- 
ing since we have shown that maximally 


effective doses of this drug do not completely 
abolish the actions of injected histamine in 
the dog Therefore, assuming histamine to 
be the sole toxic factor in anaphylaxis in 
the dog, Benadryl would not be expected to 
completely abolish anaphylaxis 

It is not inconceivable that Benadryl modi- 
fies anaphylaxis in the dog by some action 
other than an antagonism of the histamine 
W'hich is released One obvious possibility 
is that it prevents the release of histamine 
This possibility was investigated m the fol- 
lowing w r ay Two dogs which had been 
previously sensitized to horse serum were 
shocked following the administration of 3 0 
mgAdo of BenadryJ At the point at which 
their respective blood pressures reached shock 
level a sample of their blood was drawn, 
heparinized and centrifuged The serum from 
these dogs was then assayed by comparison 
with standard solutions of histamine acid 
phosphate on the blood pressure of the 
atropimzed anesthetized cat The outcome 
of the shock in the two animals was -} — | — (- 
and respectively The dog showing 

-f — ! — b shock was shown to have the equiva- 
lent of over 10 megm of histamine acid 
phosphate per cc of serum The dog having 
-j — b shock was shown to have the equiva- 
lent of 1 megm of histamine acid phosphate 
per cc of serum These are amounts of 
histamine which are encountered in substan- 
tial anaphylactic shocks in the absence of 
Benadryl and indicate that Benadryl does 
not materially interfere with the release of 
histamine in anaphylactic shock in the dog 
Summary The intravenous injection of 
Benadryl (10 mg per kilo) into horse serum 
sensitized dogs, prior to the reinjection of 
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glycogen values fell from a normal of 1 13% 
to 0 019% ANT U-pois oned— animal s were 
u nableJo_deposi t-livo r glvco gen While these 
experiments demonstrate adTsTurlJance m 
carbohydrate metabolism, they do not prove 
that death from ANTU is due to these 


changes In rats large doses of cysteine 
-(1000 mg per kg) affdrded^protectioirfroin 
death againsUlO mg perlg of ANTU The 
relation between lung damage and lmpair- 
ment of glj colysis and/or respiration is under 
investigation 
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It has been recently shown that beta- 
dimethyl annnoethyl benzhydryl ether hydro- 
chloride (Benadrvl) inhibits the action of 
histamine on the bronchi and ileum of the 
guinea pig 1 The subsequent demonstration 
that this drug is capable of reducing the 
seventy of anaphylaxis in the guinea pig 2 
is in accordance with the repeated demonstra- 
tion that anaphylaxis in the guinea pig is due, 
in large part, to bronchospasm resulting from 
the action of histamine which is liberated 
from the lung 3 " 8 

We have demonstrated that Benadryl in- 
hibits the vasodepressor action of histamine 
m the anesthetized dog and have suggested 
that this inhibition is due to competition of 

* Tins stud) ins sided m part bs a gmit from 
the Clan A Abbott Fund of Noitlmestern Uni 
icrsiti Medics! School 

The Bon.adi 1 1 used in these studies tv as furnished 
to us through the couitcsv of Psrhe, Dsns snd 
Company 

1 Loom, E B, Ivsisei, M E, snd Mooie, X r , 

J Pharm and Exp Thciap , 1945, 83, 120 

2 Loevv , E I? , snd Ivsiser, XT E , Proc Soc 
Exp Biol vxd Mfd 1945, 58, 235 

3 Bsrtosch, B , Feldberg, IV , snd Nsgle, E , 
PJlugcr’s Aich , 1932, 230, 129 

4 Wsclistem, M P finger’s Aich 1932, 231,24 

CDs!), I, Pest, S, snd Sclnld, H, Quart J 

Exp Physiol , 1935, 25, 32 

o Ungsi, G, Slid Purott, J L , C 1? Soc dc 
Slot, 1936, 123, 67G 

TXjngsr, G , Panott, J L , snd Lenllam, A, 

C P Soc dc Viol, 1937, 125, 1015 

s Sclnld, HO , J Physiol , 1937, 90, 34P 


Benadrvl with histamine for its site of ac- 
tion 0 10 The purpose of the present investiga- 
tion was to determine the effect of Benadryl 
against anaphylaxis m the dog, a condition 
which, as in the guinea pig, is intimately con- 
nected with the release and action of 
histamine 11-13 

It has been shown that in fatal anaphylaxis 
in the dog from 3 2 to 4 7 mg of histamine 
per kilo (measured as acid phosphate) is 
liberated from the liver 10 It is also known 
that such doses of histamine injected intra- 
venously in dogs produce fatal shocks 1311 
Therefore, preliminary to studies of anaphy- 
laxis, a series of 8 dogs were injected intra- 
venously with 4 5 mg of histamine acid phos- 
phate per kilo These animals were pre- 
treated with a dose of Benadryl (10 0 mg 

swells J A, and Morns, H O, red Proc, 
1945, 4, 140 

n> V ells, T V , Moi ns, H C , Dragstedt, Carl A , 
and Bull, H B , J Pliat m and Exp Thciap, in 
pi ess 

11 Dngstcdt, C A, and Gebauei Fuelnegg E, 
Am J Physiol, 1932, 102, 512 

12 Gebauer Fuelnegg, E, and Diagstedt, C A 
Am J Physiol , 1932, 102, 520 

1 1 Dragstedt, C A , and Mead, P B , J Pha) m 
and Exp Thciap , 1936, 5T, 419 

n Code, C F, Am J Physiol , 1939, 127, 7S 
15 Dragstedt, C A , and Mead, F B , J Immunol , 
1930, 30, 319 

10 Ojers, G Holmes, C A , and Dragstedt, C A , 

J Pliat in and Exp Tlicrap , 1941, 73, 33 

11 Diagstedt, C A, and Mead, F B, Proc Soc 
Exp Biol vxd Med, 1935, 32, 1435 
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TABLE I 

Tests for Virus m Aqueous Humor of Babbit IB c A11 "in minis ueie injected with 0 2 ml of a 10% sus 
pension ot mouse bum infected with the Eochefellei sti im of western equine enceplialomj elitis virus 



Rabbit No 

Eve 

Intel vaF 

Fate of mice injected with dilutions 

10-o 10-1 10-e 

Cornea 

Exp No I 

K423 

St 

GOln 

ti o s 

s s s 

s s s 

Opaque 



Left 

3 3 3 3 

s s s 

s s s 

s s s 

3 3 


K424 

in 

j » n 

s s s 

s s s 

s s s 

Slight cloudiness 



L 

ff j) 

s s s 

s s s 

s s s 

3 3 3 7 

II 

Iv433 

Rt 

24 hi 

OOP 

POO 

2 2 2 

Insufficient time 



L 

3 3 5 > 


O 1 T 

O P P 

3 3 3 3 


K435 

Rt 

3 dais 

s s s 

s s s 

s s s 

Clem 



L 

3 3 3 J 

s s s 

s s s 

s s s 

33 

III 

K423 

Rt 

5 ” 

s s s 

s s s 



3 3 



L 

3 3 3 3 

s s s 

s s s 

— 

3 3 


K42G 

Rt 

3 3 3 > 

3 3 3 

3 3 3 

' — 

Opaque 



L 


s s s 

s s s 

— 

3 3 

IV 

K501 

Rt 

3 dajs 

s $ s 

s s s 

s s s 

33 



L 

3 3 3 > 

s s s 

s s s 

s s s 

3 3 


K503 

Rt 

O 3 7 

5 j s 

5ss 

s s s 

37 



L 

3 3 3 > 

3 3 3 

3 3 4 

4 4 4 

3 3 


* Time between inoculition into ant chamber an I aspnation of aqueous humor 
f Xunibeis =r (I'll of death S = suruved 


Injection of the 12 eyes of 6 rabbits with 
various dilutions of the low passage strain 
of virus gave entirely negative results Five 
of the eyes were injected with a 10 % sus- 
pension of infected brain All eyes, except 
2, ivere injected with an inoculum which 
hilled mice regularly in a dilution of 10' 7 and 
sometimes m dilutions of 10 -5 

In further studies with the Rockefeller 
strain, negative results have been obtained 
m all eyes injected with virus (infected 
mouse brain) diluted to 1 100 or beyond 
When a 10% suspension was employed, only 
half of the infected eyes showed the charac- 
teristic reaction This was surprising in 
view of the results of the first experiment 
in which a I0~® dilution was injected and 
all 3 injected eyes were positive Unfor- 
tunatelv, the records showing the results of 
the titration of the virus used in this first 
experiment were lost The later experiments 
were carried out after an interval of more 
than one year with virus that killed all mice 
injected with a 10“ c and about half those given 
10~' dilution It w'as our recollection that 
the virus used in the earlier experiment killed 
mice m a dilution of 10 s 

% shown in Table I Experiments I and III, 


rabbits injected in the same experiment with 
the same dose of virus might differ in their 
reactions Numerous aspirations and cul- 
tures of aqueous humor showed an absence 
of pus cells and bacteria It was felt that 
the varying results indicated that the amount 
of virus injected approximated one 50% 
minimal reactive dose (analogous to “1 MLD 
50 ”) 

Tests for xurus m aqueous humor were car- 
ried out at 24 hours, 48 hours, 60 hours, 
3 days, and 5 days with the results shown 
in Table I After injection of more than 300,- 
000 mid (for mice) of virus into the anterior 
chamber, the aqueous humor contained virus 
in considerable amount at 24 hours but 
httle or none remained at 48 hours and later 
No virus was detected in ocular tissues at 
3 days in 1 experiment Of 4 eyes tested 
at 5 days, one contained a moderate amount 
of virus This suggests that some growth 
of virus may have occurred Of the 30 
rabbits used in these experiments, only 3 
showed symptoms indicative of encephalitis 

An eastern strain of equine encephalo- 
myelitis virus obtained from Dr Carl M 
EUund has- been injected into the 10 eyes 
of 5 rabbits All 10 eves developed the 
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horse serum, reduces the seventy of anaphy- 
lactic shock m these animals, theie being no 
deaths in 22 animals as against 9 deaths 
in 26 controls As Benadnl has a similai 
modifying effect upon the shock induced by 
the injection of histamine, the results of 
these experiments are consistent uith the 
theory that histamine plavs a significant role 


m anaphylaxis in dogs Unfortunately 
Benadnl merely reduces, but does not obliter- 
ate, the vasodepressor effects of histamine 
and thus the present experiments with 
Benadnl do not permit conclusions as to 
whethei histamine is or is not the sole 
vasodepressor factor in anaphylaxis in the 
dog 
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In a previous publication 1 it was reported 
that injection of certain viruses into the eyes 
of suitable animals caused specific reactions 
in the ocular tissues Corneal edema and 
opacity were produced when the viruses of 
fox encephalitis, influenza, and equine en- 
cephalomyelitis were employed It was dem- 
onstrated that virus of fox encephalitis, even 
in minute dosage, would infect the corneal 
endothelium and induce the corneal reaction 
in dogs, foxes and raccoons 2 3 The influenza 
virus caused an entirety similar reaction in 
the eyes of rabbits m spite of a complete 
absence of infection, by a direct toxic effect 4 
The virus did not grow in the rabbit eye 
and was effective only' in very large doses 
Further studies reported in this paper sug- 
gest that the corneal opacity in rabbits caused 


* Aided In glints from the John md Maiv E 
Mailile Foundation inti the Gndunte School of 
the TTimeisitt of Minnesota 

1 Evans, C A, Yananmn, H Y, uid Giccn, 
B G , Science, 1943 08, 45 

2 Evans, C A, Yanimun, H Y, and Gieen, 
E G, Proc Soc Exp Bior v\D Med , 1943, 
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Gieen, E G, Evans, C A, md Yanimura, 
Y r Proc Soc Exp Biol avd Med , 1943, 
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Evans, C A, and Biehaid, E E, Proc Soc 
p Biol and Med, 1945, 08, 73 


by the viruses of western and eastern equine 
encephalomyelitis is analogous to the toxic 
reaction demonstrated for influenza virus 
even though these viruses may grow to a 
limited extent in the ocular tissues 

In our first experiment a lCh 3 dilution of 
mouse brain infected with a highly virulent 
strain of virus of W E E (Western Equine 
Encephalomyelitis) was injected into the an- 
terior chamber of one eye of each of 3 rab- 
bits At 48 hours all showed some cloudi- 
ness of the cornea and at 3 day's the corneas 
of all injected eyes were opaque 
In subsequent experiments 27 rabbits have 
been injected with 2 different strains of west- 
ern virus One of the western strains was 
highly' virulent and had been maintained 
by' passage in mice for many' years by Dr 
Carl M Eklund, who obtained it from Dr 
P K Ohtshy of the Rockefeller Institute 
for Medical Research This we call the 
Rockefeller strain The second strain of 
western virus had been isolated from a fatal 
human case of encephalitis by injection of 
brain tissue into guinea pigs Some of the 
infected guinea pig brain tissue that had 
been kept frozen for more than a y'ear was 
used to infect guinea pigs and mice, the 
brains of which served as the source of virus 
for injection into eyes This is called the 
“low passage” strain of virus 
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junction to a variable e\tent Histologically, 
this uveitis appeared as hyperemia of the 
iris and ciliary body, usually with very little 
cellular exudate The choroid and retina 
were not visibly affected after injection of 
either the eastern or western viruses into 
the anterior chamber 

Conclusion The corneal edema and opacity 
resulting from intra-ocular injection of the 
virus of western equine encephalomyelitis 


in domestic rabbits occurs only m response to 
large amounts of virus It appears to be 
analogous to the ocular response to influenza 
virus, which has been attributed to toxic 
properties of the virus An entirely similar 
ocular reaction has been induced by injection 
of equine encephalomyelitis virus of the east- 
ern type Limited grow'th of equine en- 
cephalomyelitis virus may occur in the eye but 
is not a significant factor in the described 
reaction 
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ISIost of the pathogenic viruses affecting 
man have been cultivated in the developing 
embryonated egg 1 In addition the egg has 
provided a source of vaccine for immunizing 
human beings against such viruses as yellow 
fever , 2 influenza , 3 vaccinia , 4 and equine en- 
cephalomyelitis 5 Although the virus of Japa- 
nese B encephalitis w’as shown to multiply in 
the embryonated egg,® growth of this agent 
in chick embryo tissue was not sufficiently 
luxuriant to offer promise of providing ma- 
terial for a potent vaccine against this dis- 
ease Indeed, the reported experiments re- 

i Burnet, F M , Med Research Council, Special 
Report No 220, 1936, London 

- Theiler, SI , and Smith, H H , J Exp Med , 
1937, Go, 787 

3 Burnet, F SI , and Lush, D , Brit J Exp 
Path , 1938, 19, 17 

•i Goodpasture, E XV , Buddmgli, G J , Richard 
son, L , and Anderson, K , Am J Hyg , 1935, 
21, 319 

5 Beard, J XV , Finhlestein, H , Sealy, XV C , 
and XX jehoff, R XV , Science, 1938, 87, 490 

o Haagen, E , and Crodel, B , Zent Baht , Abt 
1, ong , 1938, 142, 269 


gardmg such a vaccine indicated that it pos- 
sessed little immunizing capacity 7 

The vaccines at present employed against 
Japanese B encephalitis are prepared from 
infected bram tissue of mice 7 These are 
capable of eliciting neutralizing antibodies 
against the virus in x'accinated human beings 
and of inducing resistance to infection m ex- 
perimental animals Such vaccines have been 
prepared commercially and have been au- 
thorized for use in the U S Army Although 
the mouse bram vaccine has desirable im- 
munological properties, it possesses certain 
potentially objectionable features For ex- 
ample, it is well known that vaccines con- 
taining bram tissue may on occasion pro- 
duce a demyelmizmg encephalopathy In ad- 
dition the technical difficulties inherent in 
the large scale manufacture of such a vac- 
cine are considerable Because of these dis- 
advantages it seemed worth while to rem- 
vestigate the possibilities of obtaining a potent 
vaccine from tissues of infected chick embryos 

7 Sabin, A B , Duffy, 0 , XVirren, .T~XVard,~E ^ 
Peck, J L , and Rucbman, I , J A M A 1943 
122, 477 ’ 
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Fig 1 

E ibbit evo 4 dais if ter infection of the urus of 
cistern equine ciiLLplnloniiclitis into the anterioi 
clninbei (K513) 



Fig 2 

B ibbit ei c show mg nnnuinl cloudiness of cornei 
i\ i tli a typical hyperemia of subccmjuncUnl vessels 
associated with incitis K424, 3 dna after mjec 
tion of western equine encephalomyelitis urus 

characteristic corneal opacity, usually of se- 
vere degree The inoculum m each case was 
a 10% suspension of infected mouse brain 
Titrations of the inocula by intracerebral 
injection in mice have shown that a 10~ 7 
dilution was regularly fatal and a 10^ dilu- 
tion occasionally hilled mice 

Tests for virus in the aqueous humor 
and/or ocular tissues have been made at 2, 
4 and 11 days Results as piesented in 
Table II show that a negligible amount of 
virus remained This was true even in an 


animal suffering from a severe encephalitic 
infection 

Of the 5 rabbits injected with the eastern 
virus, 2 were killed at 2 and 4 days and 1 
of the remaining 3 developed encephalitis 

Discussion From the data presented in 
Tables I and II, it is clear that the corneal 
opacity observed in rabbits after intraocular 
injection of the viruses of western equine 
encephalomyelitis is not the result of the 
growth of virus in the eje, even though such 
growth may occur to a limited extent In 
control experiments the injection of suspen- 
sions of normal brain and of numerous other 
non-viral preparations into rabbits’ eyes has 
never m our experience caused the type of 
ocular reaction that characterized the ex- 
periments with these viruses or influenza 
viruses As in the experiments with influ- 
enza virus, large doses of equine virus (in 
the vicinity of a million mid for mice) must 
be injected in order to produce the corneal 
reaction In most of our experiments, the 
dosage of western virus was apparently close 
to the minimum level necessary to produce 
a reaction inasmuch as frequently some eyes 
were negative while others were positive 
The minimum dose of eastern virus that will 
cause the reaction was not determined 
In the present paper, attention is centered 
on the corneal reaction because this is the 
most pi ominent and most characteristic 
change observed A uveitis is less specific 
but was even more regularly present as in- 
dicated by the occurrence of hyperemia and 
deep radial folds m the iris and a corona 
of dilated vessels visible around the cornea 
and extending bach over the bulbar wri- 


table XI 

Tests for Easton Equine Encephalomyelitis m Babbit Eyes After In]celion of 0 2 ml of 10% Infected 

Mouse Bram 




Mateual 

tested 


Fate of mice inj w 

ith dilutions 


B ibbit No 

Eve 

days 

^10-0 

10-1 

IO- 2 ’ 

Cornea 

K510 

K511 

K531* 

fit 

!’ 

Left 

fit 

j> 

L 

Bt 

L 

Aq h 
Tissue 

13 

Aq !i 
Tissue 

Aq h 

i i 

77 

2 
> 7 

i 1 

4 

3 7 

11 

11 

2 2 3 

2 s s 
s s s 

s s s 

s s s 

s s s 

3 4s 
2 2 b 
s s s 

s s s 
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TABLE I 


J npunese Encephalitis 

The Immunizing C-ipicit} of Vaccines Prepared from the Cinch Embryo 


Egg passage 
No 

Type of vaccine 

Incubation 
temp , °C 

Infee tivitj 
titer befoie 
jmctnation 

Minimi 1 immunogenic 
dose , 50% end point 
cc 

( 

14 

10% 

embrj o 

37 5 

10-7 0 

0 57 

17 

J 3 

f 3 

37 5 

10-7 4 

0 043 

22 

3 3 

3 3 

35 0 

10-7 3 

0 038 

24 

3 3 

3 3 

35 0 

10-7 3 

0 060 

28 

3 y 

3 3 

37 5 

10-7 0 

0 057 

31 

33 

33 

37 3 

10-7 

0 038 

32B 1 

20% 

3 3 

35 0 

10-S 4 

0 006 

32B 2 

33 

3 3 

37 5 

10-7 o 

0 012 

39A 1 

3 3 

J) 

35 0 

10-7 3 

0 009 

39A 2 

3 3 

3 3 

37 5 

10-7 3 

0 010 

39 

3 3 

3 3 

35 0 

10-S 2 

0 008 

43 

3 3 

3 3 

35 0 

10-7 7 

0 0048 

43A 

7 3 

3 3 

35 0 

10-7 S 

0 0043 

Pool 50 52 

3 7 

3 3 

35 0 

10-7 2 

0 121 

SOB 

3 3 

3 7 

35 0 

10-7 4 

0 0023 

51 

3 3 

7 3 

33 0 

10 -s 0 

0 0100 

51A 

7 3 

7 3 

35 0 

10-7 „ 

0 008 


of infected mouse brain simultaneously tested 
averaged 1 1 mg/cc ) The method employed 
in the assays of the Japanese B encephalitis 
vaccines was a simplified procedure used by 
A B Sabm a in routine laboratory tests on 
experimental vaccines It differs from the 
standard method he developed for routine 
assay of mouse brain vaccines for commer- 
cial purposes in that fewer mice are used and 
the challenge dose of virus is not titrated 
mtraperitoneally However when assays on 
chick embryo vaccines were performed at 
the National Institute of Health using the 
standard method, the results agreed closely 
with tests on the same material done at the 
Army Medical School 

The method we have employed is as follows 
Graded amounts of vaccine are inoculated 
mtraperitoneally into groups of 10 mice weigh- 
ing 18 to 20 g each The dose is repeated 
3 days later One week after the first dose 
of vaccine, the mice are injected mtraperi- 
toneally with a challenge inoculation consist- 
ing of 0 3 cc of a 10% suspension of infected 
mouse brain In order for a test to be con- 
sidered valid the challenge inoculum must 
have an intracerebral titer of 10 -80 or more 
and must kill at least 80% of 20 non-vac- 
cmated mice which are included in each test 

8 Sibiii, A B , personal communication 


as a control Test mice are observed for a 
period of 3 weeks and the deaths are recorded 
The 50% end-point method of calculation is 
applied to the data to determine the amount 
of vaccine required to protect half of the 
mice against the challenge inoculation This 
quantity is designated as the Minimal Im- 
munogenic Dose 

The present standard of potency for Japa- 
nese B encephalitis vaccines which has been 
adopted by the National Institute of Health 
and by the Office of the Surgeon General, 
U S Army, 10 requires that a total inoculum 
of not more than 0 01 cc of vaccine protect 
at least 50% of the vaccinated mice 

Results Vaccines against Japanese B en- 
cephalitis have been prepared from chick 
embryo which meet the standards acceptable 
for mouse brain vaccine, see Table I 

It will be noted that the vaccines which 
meet these requirements all contained 20% 
infected embryo tissue Thus, 8 vaccines of 
a group of 11 w'hich contained 20% tissue 
assayed 0 01 cc or less, while all 6 of the 
10% vaccines were unacceptable The 10% 
vaccines were prepared from eggs infected 
with early passage material, and the infectious 

loptdenl SeLUntj Agenci, National Institute 
of Heilth, Minimum Requirements T a pan esc B 
rneepliahtis raceme, Revision of 5 Fcbiuarj, 1945 
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The present report describes the development 
and preparation of such a vaccine which, in 
its capacity to immunize mice, compares 
favorably with the commercial Japanese B 
vaccines currently made from infected mouse 
tissue 

Cultivation oj the Virus The “Nahayama” 
strain of virus w r as established and carried in 
embryonated eggs by the inoculation of 0 1 cc 
amounts of infected allantoic fluid or embryo 
suspension into the chono-allantoic sac 
Death of the embryo occurred in practically 
all the inoculated eggs between the fourth and 
the sixth day r 

Several experiments were performed to de- 
termine the optimal conditions for growth 
of Japanese B encephalitis virus in the de- 
veloping egg The results may' be summar- 
ized briefly as follows The amount of virus 
in the inoculum and the route bv which it 
was injected had no marked effect upon 
the yield of virus, provided the agent was 
inoculated beyond the chono-allantoic mem- 
branes The agent was present in all tissues 
and fluids of the inoculated embryo, but 
the embryo regularly yielded more virus than 
the fluids or membranes The infectious 
titers obtained in one experiment illustrate 
this point, the results were, embry'o 10' 7 °, 
yolk sac 1CK’ °, allantoic fluid 1CH G , chorio- 
allantoic membianes 1 0~ 4 and y'olk fluid 
10“ r The maximum concentration of virus 
in the embryo or in the allantoic fluid of 
inoculated eggs was obtained after incuba- 
tion at 35° C for 48 to 72 hours It is of 
interest to note that during the course of 
serial passage of the virus in eggs, the m- 
fectivity of inoculated embry'o increased By 
the thirtieth passage, the infective titers of 
embryo suspensions ranged between 10~ 7 ' 
and 10^ 3 , with an average value of about 

io- 7S 

Preparation and Assay oj Vaccines The 
seed virus to be used for inoculation of eggs 
was harvested and stored as a 10% suspen- 
sion of infected embryo tissue m whole fil- 
tered chicken serum Such seed suspensions 
withstood storage at -70° C in sealed am- 
poules for more than 1 month with no ap- 
preciable loss m titer Both seed virus and 


material for vaccine were obtained from em- 
bryonated eggs which w'ere 7 or 8 days old 
when infected via the chono-allantoic sac 
These were subsequently incubated at 35 0° C 
for 3 days and at the end of this time the 
embryos were harvested 

The present method for preparing formahn- 
ized vaccine from the infected embryo is 
now given in detail The whole embryo w r as 
removed from groups of 20 to 200 infected 
eggs The lens and retinal cup were dis- 
sected out and discarded The remaining 
embryonic tissue w’as then pooled and 
homogenized m a Waring blendor for 5 
minutes with sufficient physiological saline, 
buffered at pH 7 4, to make a 10 or 20% 
suspension by' weight The resulting suspen- 
sion was strained through gauze After sam- 
ples were removed for sterility' tests and for 
titration of infectivity, sufficient formalde- 
hyde U S P w'as added to give a final con- 
centration of 0 2% * 

The material w’as then stored at 5° C 
for 2 weeks It was then assayed for potency 
and a safety test was performed For the 
latter test, 10 mice w-ere inoculated mtra- 
cerebrally with the vaccine and observed 
for signs of neurological disease for a period 
of 2 weeks in order to determine that in- 
activation of the virus had been complete 
The protein nitrogen content of seven sam- 
ples of 20% embryo vaccines was determined, 
the values ranged between 0 68 mg/cc and 
0 95 mg/cc with an average of 0 84 mg/cc 
(The protein nitrogen in a 10% suspension 

Expunnents weie pci fox mod to deteimme the 
compnintnc effectn encss of foimnldelr) de and 
ultin wolet light ns mietnntmg ngents oil nllnntoic 
fluid vaccines The miiiunnl lctlml concenti ntion 
or exjiosme tune was first detex mined for ench 
ngent The ultm Molct somcc i\ns a wntei cooled 
m ci cur} \npoi lamp of the tv pc described by 
Oppenheimei and Lei liison 8 Undei the conditions 
of these experiments foimnldeln de tiented ^ iccine 
-welded supenor antigenic potency The madia 
tion expei nnents were performed m collaboi ition 
with Dr Pied Stnnpeit of the Puke, Daws Co, 
Detroit, iVlich 

8 Oppciiheinier, F, and Lewnson, S O, cited m 
J Immunol , 194o, 50, 317 (original paper unpub 
lished) 
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now m progress to determine whether other 
agents will sene as satis factor}' adjuvants 
with Japanese encephalitis vaccine 

■\t the present time no information is 
a\ ailable regarding the capacity of this \ac- 
cme either alone or with adju\ants to im- 
munize man 

Summary 1 Highly infectious suspen- 
sions of embrjo tissue have been prepared 
from embn onated chick eggs inoculated with 


the Japanese B virus Infective titers of 
10 -7 3 to 10-* 3 were regularly encountered 
under suitable conditions 

2 Formalmized vaccines made from 20% 
suspensions of infected chick embrjo tissue 
are capable of immunizing mice against m- 
traperitoneal infection with the virus of 
Japanese B encephalitis Such vaccines are 
comparable m potency to the Japanese B 
encephalitis vaccines prepared from infected 
mouse brain and used b} the U S Army 
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Cytotoxic Property' of Mouse Cancer Antiserum - 
Roberx G Green 

From the Department of Bacteriology and Immunology, Unnersity of Minnesota Medical 

School, Minneapolis 


In our in\ estigations of the mdk factor, 1 
or the Bittner virus, associated with mam- 
man carcinoma of mice, an antiserum pre- 
pared from rabbits has been tested for its 
toxicity for cancer cells In his studies, 
Andervont 2 found that an antiserum pre- 
pared in rabbits by injecting as antigens 
the centrifugates of mouse tumor, neutralized 
the milk factor, while normal serums failed 
to do so Green, Moosey and Bittner 3 like- 
wise ha\e shown that antiserums prepared 
from immunized rabbits, as well as from im- 
munized rats, neutralized the agent We 
ha\e prepared additional control serums by 
immunizing rats and rabbits against normal 
mouse tissue centrifugates, and these ha\e 
failed to neutralize the virus This finding 
demonstrates that the milk factor is anti- 
gemcally unlike mouse tissue and might more 
properly be considered a foreign virus In 

' -tided bv gr-ints from the Cancer Research 
Fund, Graduate School of the TJmversitv of Mm 
nesota, and the Jane Coffin Childs Memorial Fund 
for Medical Research 

1 Bittner, J J, Science, 193G, 81, 1G2 
- Andervont, H B , and Bryan, TV E , J Kat 
Cancer Inst , 1944, o, 143 

3 Green, R G , Moosey, M. M , and Bittner, J J , 
Cancer Eesearch, 1945, o, 58S 


the experiments here reported a rabbit anti- 
serum prepared against the Bittner virus 
has been tested for its toxic properties for 
mammary cancer cells when mixed with them 
in vitro 

Three rabbits were immunized by 5 weekly 
injections of cancer centrifugate given mtra- 
peritoneallj A suspension of mouse cancer 
tissue was homogenized and subjected to 
fractional centrifugation The first sediment, 
obtained by centrifugation for 1 hours at 
14,000 X gravity, was discarded The su- 
pernatant suspension was again centrifuged 
1 hour at 100,000 X gravity This second 
sediment was collected, suspended in a 0 9% 
saline solution and injected m a dosage cor- 
responding to 2 g of original tumor tissue 
The rabbits were bled for serum 14 days 
after the fifth injection of centrifugate An 
antiserum against normal lactating mouse 
mammary tissue was prepared m an identical 
manner by' subjecting lactating breast tissue 
to the same processes The normal breast 
tissue was obtained from mice susceptible 
to, but not carrying, the Bittner virus An 
additional control serum was made from nor- 
mal rabbit blood Each of the 3 serums, 
as finally prepared, represented a pooled 
serum from 3 rabbits The 3 serums were test- 
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TABLE II 

Effect of an Adjmant (“Falba” and Mineral Oil) on the Immunizing Capacity of Ceitain 
Japanese B V accines 

HID i accme ass i\ ed m 


Saline, 2% “Falba” Mm oil 

Vaccine tested cc cc 


No 22 — 10% cluck embryo 0 038 0 017 

No 32B — 20% cluck embn o 0 006 0 0025 

Pool II — -20% cluck embno — crude 0 011 0 0029 

Pool II — 20% cluck einbrjo — angle centrifuged 0 013 0 004 

No 43 — 10% mouse brain 0 040 <0 0012 


titers of the tissues used in their manufac- 
ture were generally somewhat lower than the 
titers of tissues which were used for the 
20% preparations That there was some cor- 
relation betw'een the mfectivity of the embryo 
tissue and the potency of the vaccine pre- 
pared from it, is clearly demonstrated in 
Table I Thus, all 5 of the 20% vaccines 
made from tissues with infective titers great- 
er than 10- " w r ere acceptable when assayed 
while only three of the 6 similar preparations 
with infective titers before inactivation of 
10'" 3 to 10~ 7C were satisfactory Further 
evidence for the border line immunogenic 
properties of vaccines made from tissues with 
titers of 10'" 0 to 10" 7 5 was found m the un- 
satisfactory results obtained with the 10% 
vaccines Finally, several vaccines prepared 
from chono-allantoic fluids with titers of 
Iq-cb or j ess were unacceptable when assayed 
By means of adsorption, centrifugation, 
and the use of adjuvants, attempts were made 
to increase the immunizing capacity of the 
embryo vaccine Concentration of the anti- 
genic material of the vaccines could not be 
obtained with adsorption on calcium phos- 
phate or potassium alum High speed cen- 
trifugation in the Sharplest 0 r the angle ultra- 
centrifuge removed most of the antigen from 
the supernatant fluid of both allantoic fluid 
and 10% embryo vaccines but the sediment 
did not exhibit the expected increase in po- 


vaccine w'as resuspended in sufficient saline 
solution to make l/10th the original vol- 
ume, this had a two- to three-fold increase 
in immunizing capacity over the original vac- 
cine and contained about one and a half 
times the amount of protein nitrogen of that 
in the starting material Thus, the im- 
munizing agent had been concentrated m the 
ultra-sediment and perhaps somewhat purified 
A mixture of “Falba”* and mineral oil has 
been used as an adjuvant to augment the 
immunizing capacity of certain bacterial and 
protozoal antigens 11 and of influenza vac- 
cines for human beings 12 We have obtained 
encouraging results with this adjuvant em- 
ployed in conjunction wuth Japanese B em- 
bryo vaccines, see Table II 

\ mixture of equal parts of “Falba” and 
mineral oil was prepared and a 2% emulsion 
of this material in physiological saline solu- 
tion was used as a diluent for the vaccines 
throughout the assay procedure Control as- 
says were done on the same lots m the or- 
dinary manner, t e dilutions were made in 
saline solution It is evident from the results 
presented m Table II that the minimal 
immunogenic dose of a given vaccine was ap- 
preciably less when the adjuvant was em- 
ployed It may be pointed out that vaccines 
containing “Falba” and mineral oil elicit cer- 
tain untoward reactions when injected into 
human beings 12 For this reason studies are 


tency 

For example, the sediment obtained on 
high speed centrifugation of a 10% embryo 

centrifugation experiments were 
performed with the kmd assistance of Dr W M 
Stanley, Boekefeller Institute for Medical Be 
search, Princeton, N J 


I < ‘ Falba ’ ’ is the proprietary name for a com 
pound prepared from lanolin and composed of a 
mixture of “oxjeholestrms and cholestnns ” 

II Fiennd, J, and McDermott, K, Proc Soc 
Exp Biol and Med, 1942, 49, 548 

raHenli, W, and Henle, G, Proc Soc Exp 
Biol and Med , 1945, 59, 179 
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Robert G Green, Marie M Moose’, and John J Bittner 
from the Dtpaitmrnt of Bactcnoloijti amt Immtnioloqy anil the Illusion of Cantu Bioloqil oj 
the Depai tincnt of Physioloqii l ntieisity of Minnesota 1 Meihial School V tiintapohs 


The influence of nulk m the transmission 
of mamman cancer m mice described by 
Bittner 1 was determined by him to be filtera- 
ble - ! The colloidal dimension of the influ- 
ence was ascertained by means of ultra- 
centnfugation b> Visscher, Green, Bittner, 
Ball and Siedentopf 4 and these authors sug- 
gested that the agent might be classed as a 
filterable virus Additional data showing that 
the agent is filterable have been presented 
by Andervont and Brian 3 and bi Bittner 
Evans and Green c We have pursued studies 
on the antigenic character of the nnlk agent 
to gam further information as to its general 
characterization and m particular as to its 
properties as a virus 

Studies on the antigenic nature of the 
mouse-tumor agent have been pursued by 
Andervont and Bryan, 3 who have recently re- 
ported on the neutralization of the milk in- 
fluence by immune serums Tiro immune 
serums were prepared by them, each from 
one rabbit These serums apparently neu- 
tralized the mouse mammary-tumor milk 
agent, as only 1 of 36 mice injected with 
tumor material mixed with the antiserums 
de\ eloped a tumor, while 10 of 15 mice in- 
jected with tumor material mixed with nor- 

* Tins imestigatiou Ins been aided by grants 
from tin. Jane Coffin Clnlds Memorial Fund for 
Medical Research, the Cancer Research Fund of the 
Graduate School of the Gimersity of Mimitsot i, 
and the Citizens Aid Societi of Minneapolis 

1 Bittner, J T , Science, 193G 84, 1G2 

2 Bittner, T J , Science, 1042, 05, 402 

i Bittner, J T Cancer Itcscarch 1942, 2, 710 

1 1 isscher, M B , Green, R G , Bittner, T J 
Ball, Z B and Siedentopf, H A Proc Soc Exp 
B ior \\d Med , 1942, 49, 94 

3 Anderiont, H B, and Brvan, IV R J A at 
Ca non Inst 1944, 5, 143 

0 Bittner, J T , Evans, C A , and Green R G , 
Science, 1945, 101, 95 


mal rabbit serum de\ eloped tumors 

In our investigations of the antigenic char- 
acter of the milk agent, we have utilized as 
controls the agent suspended in saline solu- 
tion and the agent treated with normal serum 
and with serum from animals immunized with 
normal tissue As the agent we hate used 
high-speed centrifugates collected between a 
first run at 15,000 g and a second at 95 000 g 
These centrifugates which were previously 
demonstrated 4 to contain much of the milk 
agent, have been injected into rabbits and 
white rats to produce antiserums Five doses 
of centrifugate, each consisting of a 4-g 
equivalent of spontaneous mouse tumor sus- 
pended m 3 5 cc of saline solution, were in- 
jected into rabbits at 5-day intervals The 
rats were immunized similar!}', except that 
each immunizing dose was 2 cc and contained 
the equivalent of 1 g of mammary -tumor 
tissue The animals were bled for the pro- 
duction of antiserum from 7 to 10 days after 
the last injection In the first experiment 
on the neutralization of the agent, 90 mice 
were injected in 3 groups of 30 mice each. 
Group 1 was injected with a centrifugate 
equivalent to 0 25 g of tumor tissue sus- 
pended in 0 5 cc saline solution At the end 
of 11J4 months, 25 of the 30 mice had de- 
veloped mammary' cancer The 30 mice m 
Group 2 were injected with a centrifugate 
equivalent to 0 25 g of tumor tissue sus- 
pended in 0 5 cc of rabbit immune serum 
after the mixture had stood at room tem- 
perature 2 hours The antiserum was a pooled 
mixture of the serums of 3 rabbits immunized 
as described above At 1 V/ 2 months, 2 of 
the 30 mice had developed tumors The 30 
mice in Group 3 were injected with similar 
amounts of centrifugate suspended in 0 5 cc 
of normal rabbit serum Of these, 14 had 
developed breast cancer at 11 months All 
inoculated mice m these groups were of the. 
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TABLE I 

Cytotoxic Piojierty of Mouse Cancer Antiseiuin 
Babbit antiserum — C3H tumoi — ZBC mice without milk factor 


No mice 

Tumoi cell suspension injected with 

"10 

No 

15 

tumors in 

40 

GO dais 

10 

Cancer antiserum 

0 

0 

0 

0 

8* 

Normal nnmmaiy antiserum 

1 

3 

8 

S 

10 

Normal rahlnt seium 

1 

1 

5 

7 

10 

Saline sol 

10 

10 

10 

10 


* Two died from intercurrent infection 


ed for their comparative cytotoxicity 

To test the serums, a cancer-cell suspension 
for the production of transplant tumors was 
obtained as follows \ mass of cancer tis- 
sue was forced through a tissue press The 
macerated cancer tissue was then suspended 
m saline solution and allowed to settle for 
30 minutes A heavy sediment of tissue 
masses settled out and the supernatant sus- 
pension of cancer cells and small cellular 
masses was removed for injection into sus- 
ceptible mice The concentrated cancer-cell 
suspension was then diluted 10 times To 
4 portions of the cell suspension were added, 
respectively, 5 volumes of cancer antiserum, 
normal tissue antiserum, normal rabbit serum, 
and 0 9% saline solution All mixtures were 
treated in the same manner They w'ere held 
at room temperature 3 hours, and then in a 
refrigerator at 7° C for another 3-hour 
period Each preparation was then injected 
m a dosage of 0 6 cc, intraperitoneally, into 
a separate group of 10 mice The dose given 
each mouse represented 0 1 cc of a 1 to 10 
suspension of cancer cells and 0 5 cc serum 
or 0 9 °/o saline solution 

The formation of tumors at various inter- 
vals is show'n in Table I 

It is evident from the data that the cancer 
antiserum completely inhibited growth of can- 
cer cells Both the normal rabbit serum and 
the normal mammary tissue antiserum ef- 


fected a delay m the development of tumors 
The normal rabbit serum appears to have 
inhibited slightly the growth of tumor cells, 
since only 7 mice of the 10 injected displayed 
tumors at the end of 60 days 

Tumors developed in all mice injected with 
tumor cells m saline solution much more 
rapidly than they developed in mice receiving 
cancer cells m normal rabbit serum or m nor- 
mal mammary tissue antiserum There ap- 
pears, therefore, to be something in normal 
rabbit serum w'hich interferes with the rapid 
growth of cancer cells This effect of nor- 
mal serum is not increased, but possibly de- 
creased, by immunization wuth normal tissue 
centrifugates 

These results seem to demonstrate that an 
antiserum produced from mouse cancer-cell 
centrifugates is capable not only of neutral- 
izing the virus but also of inhibiting the 
growth of cancer cells produced by the virus 

Conclusions An immune serum prepared 
m rabbits against the mouse mammary' 
carcinoma milk factor, or Bittner virus, w'hen 
mixed w'lth cancer cells for a period of 6 hours 
completelv inhibits their growth so that 
transplant tumors do not develop Control 
tumors developed after similar treatment of 
tumor cells with serum from normal rabbits 
and with serum from rabbits immunized with 
normal lactatmg mouse breast tissue 
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serums effected a retarding of tumor develop- 
ment to a rate below that observed with the 
agent in saline solution, and ultimately a 
smaller number of tumors was produced 
Conclusions The milk factor of mammary 
mouse carcinoma is highly antigenic and 
stimulates the formation of antibodies in 
both rabbits and rats The mouse cancer 
antiserum neutralizes and renders inactive 


mouse cancer centrifugates Equally effective 
antiserums are prepared from spontaneous 
and from transplant tumors Normal rabbit 
and rat serums have a slight effect m in- 
activating the mouse cancer virus The find- 
ing that antiserum against normal mouse tis- 
sue does not have any neutralizing or adverse 
effect on the milk agent indicates that the 
agent is a virus of exogenous origin 
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Cell-Blockade in Canine Distemper * 

Robert G Green and Cyril S Stulberg 
F rom the Department of Bacteriology and Immunology, U mi cr sit y of Minnesota Medical 

School, Minneapolis 


The interference phenomenon of animal 
viruses was first observed by Hoskins 1 and 
by Magrassr independently Magrassi ob- 
served an interference between nonen- 
cephalitic and encephalitic herpes viruses in 
rabbits, and Hoskins reported an interference 
between neurotropic and pantropic yellow 
fever viruses in monkeys Subsequent in- 
vestigations by Findlay and MacCallum, 3 
Dalldorf, 4 Jungeblut and Sanders, 5 Ziegler, 
Lavin and Horsfall,® the Henles, 7 and others 
have shown that the cell-blockade, or inter- 
ference phenomenon, can occur in many ani- 
mal viruses under experimental conditions 
We have conducted experimental studies 

* Aided bj a grant from the Medical Besearcli 
Fund of the Graduate School of the TJm\ ersitj of 
Minnesota and by experimental facibties and 
financial support furnished by Fromm Labora 
tones, Inc , Grafton, Wise 

l Hoskins, M , Am J Prop Med , 193S, 13, 675 
- M igrassi, F , Z f Byg u Inf cl Uonshr , 1935, 
117, 501, 573 

3 Findlaj , G M , and MacCallum, F 0 , / Path 
and Bad , 1937, 44, 405 

4 Dalldorf, G , J I mm , 1939, 37, 245 

3 Jungeblut, C AV , and Sanders, M, J Bxp 
Med , 1942, 70, 127 

n Ziegler, J E, Jr, Lavm, G I, and Horsfall, 
F L, I Bxp Med , 1944, 79, 379 
" Henle, AY, and Henle, G, Am J Med Sc i, 
1944, 207, 705 


of simultaneous infections of young foxes rvith 
virulent distemper virus and a distemper 
virus modified by ferret passage, and found 
that the phenomenon of interference, or cell- 
blockade, can be demonstrated for these 
viruses Foxes inoculated mtranasally with 
virulent distemper virus can be protected from 
fatal infection by subsequent inoculation of 
the ferret-passage distemper virus, which is 
of low virulence for foxes and dogs In foxes 
injected intramuscularly with the virulent 
distemper virus, the course of the infection is 
also blocked by the introduction of the modi- 
fied virus either 3 days before, or at the 
same time that, the virulent distemper virus 
is given However, if the interval elapsing 
between the intramuscular injection of the 
virulent virus and the subsequent inoculation 
of distemperoid virus is as long as 3 days, 
there is very little interference with the course 
of the virulent infection 
Matcnals and Methods The animals in- 
oculated were red fox pups 10 to 16 weeks 
old In any one experiment the foxes AAere 
very nearly the same age The virulent dis- 
temper virus was of dog origin, and had been 
passed ex-penmen tally through foxes until 
it acquired an extremely high virulence for 
that animal The ferret-passage virus was 
the distemperoid virus described by Green 8 


« Green, E G , Am J Hyg , 1945, 41, 7 
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TABLE I 

Neutralization of blouse Milk Agent with Rat Immune Seium 


Tumors produced m mo 


l IU'Pt, 

Tumor centiifugate mixed with 

'TV. 

8 

9 

10 

11 % i3k 

24 

Spontaneous tumor antiseium 

0 

0 

0 

0 

0 0 

24 

Ti insphnt, tumoi antiseium 

0 

0 

0 

0 

0 0 

24 

Noinial tissue antiseium 

1 

3 


10 

12 21 

24 

Normal i it serum 

2 

4 

S 

9 

12 13 

24 

0 9% s ilme sot 

0 

10 

lo 

15 

17 18 


Dosage Centrifugate equivalent of 0 2 g tumor tissue nn\ed with 0 18 cc antisemm m 0 9% 
saline to make total volume of 0 21 ee Tlic mixtures vveie held at loom temperature for 2 liouis 
beioie injection 

Note AH injected mice subjected to foiecd breeding Mice 1 mo old ZBC stock without 
milk influence 


ZBC strain, mice which were susceptible to, 
but did not carry, the tumor agent After 
inoculation, the mice were maintained as 
forced breeders in order to stimulate maximum 
cancer development These results confirm 
the findings of Andervont and Bryan 5 
A second experiment on the antigenic prop- 
erties of the milk agent has yielded similar 
results 14 months after its inception The 
antiserum used to neutralize the milk agent 
in the latter experiment was prepared from 
laboratory rats as described above Three 
antiserums were prepared one from spon- 
taneous tumor tissue, one from transplanted 
tumor tissue, and one from normal mouse 
tissue consisting of heart, liver, spleen and 
kidney Each antiserum, as finally prepared, 
was a pooled serum from 3 immunized rats 
In addition, a pool of normal rat serum was 
prepared by combining the serums from 3 
uninjected rats ZBC mice not carrying the 
milk influence were injected at 1 month of 
age in groups of 24 with centrifugates of 
tumor tissue mixed and incubated for 2 hours 
with the various antiserums One control 
group received infective centrifugate suspend- 
ed m 0 9% saline solution The appearance 
of tumors at different intervals and the num- 
ber ultimately produced are shown m Table I 
Of the 2 groups of mice totaling 48 that 
received spontaneous tumor antiserum and 
transplanted tumor antiserum, none has de- 
veloped cancer at 13J4 months Twenty-one 
mice of the 24 receiving normal tissue anti- 
serum have developed cancer, and 13 of the 
74 that received the normal rat serum have 
developed cancer Of the 24 control mice, 


which received the infective centrifugate with- 
out the addition of serum, 18 have become 
cancerous These additional data obtained 
with antiserums made from the closely re- 
lated rat would seem to establish rather 
definitely that the infective agent in mouse 
mammary carcinoma is antigenic 
Demonstration that the milk influence of 
Bittner is an antigen becomes of greatest im- 
portance in its characterization First termed 
an influence and later an agent or an mator, 
its antigenic capacity, together with other 
attributes, would seem to put it in the class 
of filterable viruses Although it is difficult 
to describe a virus accurately, its most defini- 
tive characters are (1) reproduction only in 
association with Jiving host cells, (2) small 
size, usually ultramicroscopic, and (3) anti- 
genic capacity All 3 basic criteria are now 
known to be met by the milk agent Inas- 
much as many tumors m animals are known 
to be virus infections, it would seem reasona- 
ble from the evidence at hand to consider 
the mammary cancer of mice an infectious 
process and its cause a filterable virus 
The antiserum produced m rats by the 
injection of normal mouse tissues failed to 
produce any adverse effect upon cancer- 
formation by the agent Of the 3 groups of 
controls, those receiving the normal tissue 
antiserum have presented the largest number 
of cancerous mice This indicates that the 
agent is antigemcally different from mouse 
tissue and is not derived therefrom 
Normal rabbit serum and normal rat serum 
both seem to contain something that is an- 
tagonistic to the cancer agent Both normal 
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TABLE II 

Results of IntnmuscuHi Inoculations of Foxes with Vnulent Distempei I nus and Disteni 

pel oid Vims 

(gxp 2) _ 


Dais lftei 
mi °f ' 11U 
lent disteni 

pci MVUS 

Group 1 li 

10 foxes 

111] with M1U 

lent distempei 

Ml us 

(Contiols) 

Sick Deaths 

Giotip 2 b 

10 foxes 
in] with dis 
tcmpeioid Mins 

3 dai s before 
vnulent dis 
temper mi us 

Gi oup 3 b 

10 foxes 
uij siniulVane 
oush with wru 
lent distempei 
mi us and dis 
femperoid mi us 
dick Deaths 

Group 4 b 

10 foxes 
mi with dis 
temjieioid wrus 
3 dais after 
Miulent dis 
tcmpoi urus 
Sick Deaths 

12 



Xoinnl 



It 

1/10 


7 7 


1/10 

14 

3/9 

1 

7 7 


ill 1 

15 

5/0 


7 > 


7 7 O 

16 

5/0 


7 7 


3 

17 

all 

1 

7 7 


7 7 O 

18 

1 t 

1 

7 7 

2/10 

2 

10 

i 7 


7 7 

2/10 


20 

» 7 

1 

7 7 

2/10 


21 

> » 

j 

7 7 

1/10 1 


22 

f i 

I 

7 7 

0 


23 

7 7 

1 

7 

0 


24 

7 

1 

7 7 

0 


25 



7 7 

0 


25 



7 7 

0 


27 



7 7 

0 


2S 



7 7 

0 


29 



7 7 

0 


30 


1 

7 7 

0 



disease can be blocked off if distemperoid 
virus is injected during the incubation period 
or in the early stage of the generalized infec- 
tion 

Intel jcrencc following intramuscular in- 
jection oj vnulent virus In our second ex- 
periment 40 young foxes, in groups of 10, 
were injected intramuscularly with virulent 
distemper virus All 4 groups received the 
virulent distemper virus at the same time, 
and 3 of the groups were subsequently given 
intramuscular injections of distemperoid virus 
at varying intervals 

Group 1-b was injected with virulent dis- 
temper virus only On the 13 th day after 
the inoculations, the animals began to show 
symptoms By the 17 th day all the animals 
were sick, and at the end of 30 days all had 
died of typical distemper Group 2-b re- 
ceived distemperoid virus 3 days before the 
inoculation of virulent distemper virus These 
animals remained well, showing no symptoms 
whatsoever of distemper Group 3-b was 
inoculated with virulent distemper virus and 
distemperoid virus simultaneously Two ani- 
mals exhibited symptoms on the 18th day 


after inoculation One of them died on the 
21st day, while the other recovered The 
rest of the foxes in this group showed no 
symptoms of distemper Group 4-b received 
distemperoid virus 3 davs after the virulent 
distemper virus All the animals showed 
symptoms by the 14th day, and all died of 
tjpical distemper by the 18th day Details 
of the occurrence of symptoms, deaths, and 
recoveries are shown in Table II 

In the third experiment 40 young foxes 
W’ere also used in groups of 10 The control 
group received only virulent distemper virus 
The other 3 groups were inoculated intra- 
muscularly, first with virulent distemper 
virus and then with distemperoid virus, which 
was given to the respective groups 3, 8, and 
12 days later 

Group 1-c, the controls, began to show- 
symptoms on the 14th day after the injection 
of virulent virus All the animals died of 
distemper by the 29th day Group 2-c, which 
received the distemperoid virus 3 davs after 
the virulent virus, began to exhibit symp- 
toms of distemper on the 12th day By the 
36th day 8 animals had died and 2 had re- 
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TABLE I 

Interference on Boxes between Vmilent Distempu Vnus Inoculated mtnnnsxlh and Distem 
peroid Vuus Inoculated Intramuscular]) 

(Exp 1 ) 


Dais after 
injection of 
distempci 
aims 

Group 1 a 

10 foxes 
mj with mu 
lent distemper 
anus 

(Controls) 

Sick Deaths 

Group 2 a 

10 foxes 
mj simultnne 
oust) anth airu 
lent distemper 
vnus and 
distemperoid 
virus} 

Siek 

Group 3 a 

10 foxes 
inj aaith dis 
temperoid virus 

3 daas after 
inulent dis 
temper amis} 
Sick 

Gi oup 4 a 

9 foxes f 
mj lvith dis 
temperoid virus 
12 daas after 
virulent dis 
temper vnus} 
Sick 

16 

1/10 v 


2/10 



17 

1/10 


2/10 



18 

1/10 


2/10 



19 

2/10 


2/10 


1/9 

20 

3/10 


2/10 


1/9 

21 

4/10 


3/10 


2/9 

oo 

4/10 


3/10 


2/9 

23 

6/10 


5/10 

2/10 

4/9 

24 

6/10 


5/10 

2/10 

4/9 

25 

6/9 

1 

5/10 

2/10 

4/9 

26 

6/0 


5/10 

2/10 

4/9 

27 

6/9 


2/10 

2/10 

3/9 

28 

6/8 

1 

2/10 

2/10 

3/9 

29 

7/7 

1 

2/10 

2/10 

3/9 

30 

6/6 

1 

2/10 

2/10 

3/9 

31 

2/2 

4 

0/10 

0/10 

1/9 

32 

2/2 




0/9 

33 

2/2 





34 

2/2 





35 

1/1 

1 




36 


1 





-> The denominator indicates the number of foxes In nig, and the numerator the number sick 
on ana given da) 

t One fox in this group had a broken leg and !\ as killed 
} JTo deaths 


The virulent virus was injected in a dosage 
of 100 mg and the distemperoid virus in a 
dosage of 200 mg All animals were observed 
daily for symptoms of distemper When 
deaths occurred, the disease was identified by 
the presence of cytoplasmic inclusions in the 
epithelial cells of the bladder or the trachea 
Inter jet awe following mtranasal inocula- 
tion with vmilent vnus Forty red fox pups 
were divided into groups of 10 Group 1-a, 
which received virulent distemper virus only, 
was inoculated mtranasally Animals m this 
croup exhibited symptoms of distemper by 
the 16th day, and all died of distemper be- 
tween the 25th and 36th days The other 3 
groups received the same virus mtranasally but 
were given distemperoid virus in addition 
Group 2-a received simultaneous inoculations 
of the two viruses Two foxes showed symp- 
Ms on he 16th day, and by ft. Mtd day 


5 showed mild signs of the disease All ani- 
mals had recovered by the 31st day Group 
3-a was given the distemperoid virus 3 days 
after injection of the virulent virus Only 
2 animals m this group displayed symptoms, 
which were discernible on the 23rd day Both 
were normal by the 31st day Group 4-a 
was given distemperoid virus 12 days after 
receiving the virulent virus Mild symptoms 
of distemper were shown by one animal in 
this group on the 19th day and by 4 animals 
on the 23rd day All had recovered by the 
32nd day Details regarding the occurrence 
of symptoms, deaths, and recoveries are 
shown m Table I 

These results demonstrate a very decisive 
interference, or blocking effect, of distem- 
peroid virus on the course of a virulent dis- 
temper infection They show also that a 
virulent infection corresponding to the natural 
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TABLE IT 

Comimison of Intianiusuilir nid Intrims-il Inoculihons of Io\is nitli Vnulcnt Distemper "\iius m 
1 Interference Expei iments ' 


10 fo\cs m] 40 foxes inj 40 f o\es mj 

mtninusculirlj intnmusc intnms'dlj 


Inocula 


Xo No No Xo Xo Xo Xo Xo Xo 

1111 reted sick deoil injected sick ileod injected sick dead 


Virulent distempei mi us onl\ 10 10 

Distcmperoid Mrus 3 d'n s before dis 

temper Mrus 10 C 

Distcmperoid virus and distempei 

Mrus snnult 'ineousii 10 - 

Distcmperoid Mrus 3 dais after dis 

temper mi us 10 1C 

Distcmperoid Mrus 8 dajs after dis 
temper Mrus 

Distemperoid Mrus 12 dais after dis 
temper urus 

- All distemperoid vnus injected intiamusculaily 
t One fox had a broken leg and uas killed 


10 10 


10 10 


10 10 10 


10 10 


10 10 
10 10 


The results obtained in the case of mtia- 
mtisculai inoculation of the virulent virus are 
similar, provided the modified virus is given 
before, or even at the same time as, the 
undent virus A striking difference, how- 
ever, is observed in the number of recoveries 
of treated foxes when the modified virus is 
given after intramuscular injection of virulent 
virus In this case, little or no interference 
follows the injection of the modified virus 
It appears that protection occurred when 
the modified virus was given an opportunity 
to reach tissue cells ahead of the virulent 
virus On the other hand, if the virulent 
urus uas able to invade a majority of sus- 
ceptible cells before the modified virus, no 
protection occurred In the intramuscular 
inoculations the virulent virus, when given 
first, seems to have immediately entered the 
blood stream as free virus and to have been 
distributed rapidly to large numbers of tissue 
cells However, in the intranasal inoculations, 
the virulent virus appears to have invaded 
the animal body slowly, perhaps principally 
through neighboring tissue cells At least, it 
did not seem to have become free virus in 
the blood stream and to have invaded large 
numbers of tissue cells ahead of the later- 
mjected modified virus The mechanism ap- 
pears to be a reciprocal cell-block Either 


the modified virus will be blocked by the 
virulent virus, if the virulent virus has already 
invaded the susceptible cells, or the modified 
virus, if it gets to the tissue cells first, will 
block the effect of the virulent virus on those 
cells All our experimental results point to 
a mechanism of cell-blockade rather than to 
interference by one virus directly with the 
other 

Summary \ modified ferret-passage dis- 
temper virus exhibits an interference, or cell- 
blockade, phenomenon with respect to a 
virulent distemper virus in foxes If the 
virulent virus is inoculated intranasally, as 
occurs in a natural infection, interference oc- 
curs when the modified Virus is inoculated 
at the same time as, or after, the virulent 
virus If the virulent virus is inoculated 
intramuscularly, the virulent infection can be 
blocked off by the modified virus only if the 
modified virus is given before, or at the same 
time as, the virulent virus After an intra- 
muscular injection of a virulent virus, any 
effect of the modified virus is m turn blocked 
off The results appear to be determined by 
the virus that seeds the most tissue cells first 
In the case of intranasal inoculation, the dis- 
temperoid virus seems to have a definite 
therapeutic effect during the incubation period 
and in the stage of early symptoms 
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TABLE III 

Kesults of Intramusculai Inoculations of Foxes with Virulent Distempei Vnus and Distem 

peroul Virus 


(Exp 3 ) 


Gioup 2 c Gioup S e Group 4 c 

Group 1 c 10 foxes 10 foxes 9 foxes* 

10 foxes jiij with dis mj with dis in] with dis 

with riru temperoid xirus temperoid urns tcmperoid \irus 

lent distempei 3 days after 8 dais after 12 dajs .after 

Days after urus virulent dis urulent dis virulent dis 

in] of dis (Controls) temper virus tempei nrus temper virus 

temper nrus Sick Deaths Sick Deaths Sick Deaths Sick Deaths 


12 



4/10 



2/9 


13 



5/10 



2/8 

i 

14 

4/10 


S/10 


4/10 

3/7 

i 

IS 

0/10 


9/10 


5/10 

3/7 


16 

all 

•j 

all 

3 

5/10 

3/7 


17 

y y 


y y 


6/10 

all 

q 

18 

y y 


yy 


0/10 

y y 

1 

19 

yy 

i 

yy 


5/9 1 

yy 

o 

20 

yy 

3 

yy 

2 

5/9 

yy 


21 

y y 

1 

y y 

1 

4/7 2 

yy 



23 

24 

25 
2G 
27 
2S 

29 

30 

31 


1 1 
ji 

33 

j j 
j ? 
j j 


1 

1 

1 


1 J 
3 3 
3 3 
33 
3 3 
3 3 
3 3 
3 3 


4/6 1 

4/6 

all 1 

33 

” 1 

” 1 

33 

” 1 

” 1 



3 G 0/2 1 0/1 

Total No deaths 10 8 9 9 

* One fox in this group had a broken leg and was killed 


covered Group 3-c received the distemperoid 
virus 8 days after the virulent virus Symp- 
toms first appeared on the 14th day Nine 
animals were dead by the 31st day, and 1 
had recovered Group 4-c, inoculated with 
the distemperoid virus 12 days after the 
inoculation of virulent virus, began to show 


symptoms on the 12th day All animals in 
this group were dead by the 24th day De- 
tails of the symptoms, deaths, and recoveries 
are shown in Table III 
The first experiment on the intramuscular 


injection of virulent virus demonstrated that 
the distemperoid virus completely protected 
foxes when it was inoculated before the 
virulent distemper virus and gave almost 
complete protection when the inoculations 
were simultaneous Both of the experiments 
on intramuscular injections included a group 
inoculated with distemperoid virus 3 days 
after the virulent virus was given In both 


cases the controls died within approximately 
the same length of time Some differences 
were observed m the 3-day groups In Experi- 
ment 2 all the animals died but m Experiment 
3 only 8 of 10 animals died The recovery of 
2 animals appeared due to protection, since 
foxes seldom recover once they have exhibited 
symptoms of virulent distemper In the 
second intramuscular experiment little or no 
protection was apparent m the 8-day group 
and no protection in the 12-day group A 
comparison of the results obtained from in- 
tranasal and intramuscular inoculations of 
virulent distemper virus is shown m Table IV 
Discussion Our results seem to show that 
when the virulent distemper virus is inoculated 
mtranasally, an injection of the modified virus 
given at the same time or 3 to 12 days later, 
so interferes with, or blocks off, the virulent 
infection that severe symptoms do not de- 
velop and recovery is rapid and complete 
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Fig 1 

A section of p increas of a non fasted adult guima p g sliomng tlie ceiitralh lo atcd ZMii'igcn 
granules and the more penphenlb located elongated mitochondria Fixed in resorcinol in 
4% ilk ilinized fornnldehrde sectioned '“t 2 mien and stained liv the Altnnnn Benslev pro 
eedure Mag X 2100 

Fig 2 

A S"etion of epithelium from the duodenum of i non f-isted mouse sliomng pirtuuluh the 
mitochondria and the brush border of the cell? Fixed m t rfc pvrogallol in 4 alk ilinized 
form ildelrvdi sectioned at 2 nocra and «t med In th- Mmi mu Bcn«Ui proicdurc M ig 
X 2100 

Pli tonni rogr iphs t iken be H XV Morris 


1 to 2 micra without much difuculty The 
reaction of xanous staining procedures fol- 
lowing this fixation is mteresting The lron- 
hematoxylm methods gree the best results 
Mitochondria and other cytoplasmic granules 
stam sharpie and the nuclei show good de- 
tail as do such structures as basement mem- 
branes, terminal bars, and brush borders The 
Altmann-Benslec staining procedure also gices 
good results if the tissue slices are not treated 
with potassium permanganate and oxalic acid 
or with potassium dichromate Schleicher s 
modification of Mallory -Heidenham connec- 
ts e tissue stam- grees fairly good results 
although the azocarmme ocerstains to some 
extent, but routine hematoxylin and eosm 
methods must be preceded be treatment with 
potassium permanganate and oxalic acid to 
insure staining with the hematoxylin After 

- Schleicher, E M Ini J Chn Path (Tech 
Sup] ) 1043 7, 34 


the tissues hace been stored in alcohol for 
some time and ha\e darkened considerable 
the results obtained with all of the aboce 
staining procedures except iron-hematoxylin, 
are less satisfactory 

Rcsorcinol-jormol Mixtures The proce- 
dure for the preparation of resorcinol-formol 
mixtures is the same as that for the py rogallol- 
formol solutions already outlined Tissue 
pieces are well fixed m solutions of 4 5 to 
9% resorcinol in 4% alhalimzed tormalde- 
hyde The time necessary for iixation and 
the subsequent treatment of the tissue blocks 
are the same as for the py rogallol-formol 
mixtures but tissue fixed with resorcinol- 
formol darkens much more slowly when 
stored in alcohol so that storage may be some- 
what longer without altering the staining re- 
actions 

Tissue prepared in this manner is some- 
what softer and sections with greater ease 
than when fixed with py rogallol-formol solu- 
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Hydroxybenzene Compounds as Cytoplasmic Fixatives * 

Robert 4. Huseby t (Introduced by John J Bittner ) 

Fiom the Bnision of Cancel Biology, Dcpaitment of Physiology, Lnncisity of Minnesota 

Minneapolis 


Because of a renewed interest in cytoplasmic 
components quickened by the development 
of methods for centrifugal fractionation of 
these constituents, this investigation was un- 
dertaken in an effort to develop a simple 
yet effective histological method for the study 
of the cell cytoplasm and, more particularly, 
of such structures as the mitochondria At 
the present time 3 tvpes of agents 1 are em- 
ployed in fixation of the cytoplasm, heavy 
metals, osmium tetroxide, and formaldehyde 
As the protein precipitating properties of 
the heavy metals have been mx estigated rather 
extensively, further consideration of these 
compounds did not appear to be warranted 
Osmium tetroxide gives adequate preserva- 
tion of only a small layer of cells within a 
tissue block, its “fixing” properties possibly 
being due to its action as a strong oxidant 
The uncontrollable nature of such oxidation, 
however, severely limits the usefulness of this 
reaction in the fixation of tissues Formalde- 
hyde, on the other hand, is a weak reducing 
agent, and although in itself it does not yield 
exceptional results, suggests that other reduc- 
ing compounds might be of value in the preser- 
vation of cytoplasmic constituents 

In line with this reasoning, trihydroxyben- 
zene or pyrogallol was considered as it seemed 
to be well suited for our purposes, being a 
relatively strong reducing substance, when 
in alkaline solution, as is required for the 
maintenance of cytoplasmic detail Pre- 
liminary investigations revealed that weak 
solutions of pyrogallol preserved the mito- 
chondria but caused excessive alteration of 

* This research ins begun m the laboratories of 
Pathology and Bacteriology of the Rockefeller 
Institute for Medical Research 

, Fellow of the Intermtion il Cancer Eeseaieh 

Foundation 

1 Baker, J R, Ci/tological Technique, London, 
Methuen, 1933, p 131 


other cell structures As hydroxybenzene com- 
pounds combine with formaldehyde, pyro- 
gallol-formol mixtures were then tried and 
found to give more desirable results In- 
vestigation of the unsubstituted dihydroxy- 
benzenes m combination mth formaldehyde 
revealed that hydroqumone and catechol give 
rather poor fixation but that resorcinol ap- 
proximates pyrogallol m effectiveness 
Pyrogallol-formol Mixtures As alkaline 
solutions of pyrogallol and formaldehyde take 
up oxygen readily and acid solutions form 
high polymers on standing, all solutions must 
be made up shortlv before use This is a 
relatively minor disadvantage, however, since 
weighed amounts of pyrogallol can be stored 
in the dry vials in which the tissue is to be 
fixed, and the desired amount of alkahnized 
formaldehyde solution added just prior to 
use 

For the fixation of tissue pieces, up to 
5mm in thickness, solutions of 3 5 to 7% 
pyrogallol dissolved in 4% formaldehyde al- 
kahnized with 0 1 cc of N NaOH per 10 cc 
give the best results Fixation is complete 
in 6 to 8 hours but periods of fixation as long 
as 24 hours do not appear to be particularly 
harmful When small tissue fragments or 
thin layers of cells, such as those obtained in 
tissue culture, are to be fixed, the time of 
fixation must be reduced, 15 to 30 minutes 
sufficing in the latter case if the plasma clot 
has been removed After fixation, the tissues 
can be immediately dehydrated m varying 
strengths of alcohol and imbedded in paraffin 
or paraffin mixtures If the tissues are al- 
lowed to stand in 70 to 80% alcohol for 
periods of weeks or months, they darken con- 
siderably and harden somewhat, and this has 
been found to interfere, to some extent, with 
certain of the staining reactions 

Tissue blocks, prepared as outlined, sec- 
tion easily, and may be cut at thicknesses of 



Antipyridoxin e Activity of D esoxv p\ ridoxin e 


125 


ha\e been well shown in such preparations 
Red cells, however, appear badly distorted 
m the larger v essels although they are rather 
well preserved in the capillaries and arterioles 
This deleterious effect is probably not of 
osmotic origin as it occurs when iso-osmotic 
solutions of hy droxy benzene-f ormol are used 
as well as when 85% XaCl is added to such 
solutions Another undesirable feature of 
these fixativ es is that when tissue blocks 
remain in them sufficiently long to allow 
penetration and fixation throughout the block, 
the cells near the surface are over fixed 
This over fixed zone is however not very 
thick when the tissue has been fixed 6 to 8 
hours and does not, as a rule interfere with 


the study of the tissue 

Summary Methods for the fixation of the 
cell c_\ toplasm employing p\ rogallol or 
resorcinol m neutralized formalclehy de solu- 
tion are outlined Tissue pieces nxed with 
these solutions ha\e m general shown few 
signs of distortion and the protein cytoplasmic 
elements of the cells haxe appeared well pre- 
served, such structures as mitochondria se- 
cretion granules and some of the specific 
types of granulation being well maintained 
The advantages of these methods he m the 
simplicity and rapidity of the procedures, 
the ease with which the tissue can be sec- 
tioned at a thickness of 1 to 2 micra, and 
the generally satisfactory results obtained 
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Antipyridoxine Activity of 2, 4-Dimethyl-3-Hydrox> -5-Hydroxymethyl 

pyridine in the Chick 

W aether H Ott (Introduced by H Molitor ) 

From the Morel Institute for Therapeutic he Search Sahicay, XJ 


In the course of investigations on the vita- 
min activity of pyndoxine analogs it was 
discovered that 2,4-dimethyl-3-hydroxy-5-hy- 
droxymethylpyridine had very strong anti- 
pyndoxme properties Growth and survival 
of pyridoxine-deficient chicks m curative as- 
says were used as the criteria of response 
This substance a d esoxvpvndoxme. ha d been 
studied m pyridoxine-deficient rats by 
Moller 1 and associates and by Unna, 2 both 
of whom-fo und no pyrid oxine activity Xo 
indication of antipyndoxine~actiVity was re- 
ported by these investigators 

Day-old female single comb White Leg- 
horn chicks were fed a commercial starting 
ration for 3 days and then were given a 
purified diet (Table I) deficient in pyndoxine 
After 6 days on this deficient diet when 
many chicks were beginning to lose weight 

’Moller E F Zirnn O Jung F ind Moll, Th 
Xaturicisi 1939 27, 22S 

-Fima K Pfoc ^ck- Exp Bion axd Med, 
1940 4% 122 


the chicks were divided into groups of 7 
selected in such a way that all groups were 
as nearly alike as possible in weights of 
the individual chicks The test substance 
was given in single oral doses to each chick 
on the 11th day of age and on the following 
3 alternate days Three or more dose levels 
of pyndoxine in the range from 0 to 24 
/xg per dose were given in each assay to 
establish the standard curve of response for 
that assay Xew standard solutions of pyri- 
doxine and of desoxypyndoxine were pre- 
pared m water for each assay and kept under 
toluene m a refrigerator for the 6-day dosing 
period The chicks were weighed before each 
dose and on the second day after the last 
dose was given The pyridoxine-deficient 
diet was fed to all groups during the assay 
period 

Two _ 100. _yig_ _do=es _oi desoxypy ridoxine 
were fatal to pyridoxine-deficient chicks e\ en 
when eaclr dose was- preceded -W -a~l~6~pg 
dose of pyndoxine (Table II) Furthermore, 
a level oi the analog as low as 16 po p er 
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tions Their reaction to various staining pro- 
cedures is, however, rather different The 
Altmann-Bensley method gives the best results 
for mitochondria The tissue slices should 
not be treated with potassium permanganate 
and oxalic acid, and, although good results 
are obtained if potassium dichromate is em- 
pl oyed, somewhat clearer staining is produced 
by omitting this step Routine hematoxylin 
and eosm methods, Schleicher’s modification 
of Malloor-Heidenham connective tissue stain, 
and Pappenheim’s methyl green-pyronm 
method give good results following resorcinol- 
formol fixation However, although the nuclei 
and cytoplasmic ground substance stain -well 
with iron-hematoxylin, the mitochondria do 
not show up distinctly even after the tissue 
has been allowed to stand in alcohol until 
it has darkened 

Discussion Some investigation of the action 
of these hydroxybenzene-formol mixtures has 
been carried out, and the results warrant 
terse mention here Although the pH of 
any fixative is of utmost importance where 
the cytoplasm is concerned, this aspect is 
easily adjusted in the solutions outlined above, 
for, with the addition of NaOH, the weakly 
acidic pyrogallol and resorcinol form buffer 
systems The point of greatest buffering 
power of these systems is in the neighborhood 
of pH 9, but with the relatively high concen- 
trations used for fixation, 7% pyrogallol for 
instance, increasing the concentration of 
NaOH from 01 N to 02 N only increases 
the pH from 7 4 to 7 7 and the latter is 
not excessive for tissue fixation 

The effect of these solutions upon cyto- 
plasmic extracts is also of some interest Al- 
though neutralized formaldehyde does not 
cause precipitation of the proteins in such 
extracts and even protects them from sub- 
sequent precipitation with alcohol m concen- 
trations of 50% or less, the hydroxybenzene- 
formol mixtures cause an immediate and heavy 
precipitation of the protein components When 
purified preparations of mitochondria are so 
treated, the particles agglutinate, but micro- 
scopic examination reveals that the individual 
elements are not appreciably altered mor- 
phologically That they have been chemically 
modified, however, is evidenced by the fact 


that after treatment they are insoluble m 
NaOH even in concentrations of 0 5 X 
whereas untreated mitochondria dissohe 
readily in solutions of NaOH that exceed 0 05 
N 

The reaction of cells in tissue culture was 
studied by the method of dark-ground il- 
lumination as given by Strangeways and 
Canti 3 As the fixing solutions were drawn 
across the cells, the cell boundaries became 
sharply demarcated and, although a few of 
the finer processes were seen to retract m 
general the original outlines of the cells were 
well maintained The ground substance of 
the cells became much more brilliantly il- 
luminated, but no discrete particles of pre- 
cipitated protein nor obvious precipitation 
patterns appeared The perinuclear retractile 
bodies, wdiich probably represent the Golgi 
apparatus,'* showed little or no tendency to 
fuse, and apparently were essentially unaltered 
as they dissolved completely when 95% al- 
cohol was drawn through the chamber The 
mitochondria became less noticeable because 
of the increased density of the illumination 
of the ground substance, but careful inspec- 
tion revealed no evidence of change m their 
size or shape either wuth fixation or with 
subsequent treatment with alcohol and ether 
No alteration of size or shape of the nuclei 
or nucleoli was noted, although the same 
general increase m density of illumination 
that w r as observed m the cytoplasm was also 
seen m these structures In general, then, 
direct observations of tissue culture cells 
during fixation and subsequent treatment 
with alcohol and ether substantiated the im- 
pression gamed from a study of sectioned 
material that these fixatives distort the cell 
very little and preserve the mitochondria very 
well 

Ihe results obtained with these fixing solu- 
tions have been especially satisfactory be- 
cause, in addition to the preservation of 
cytoplasmic detail, such structures as brush 
borders, terminal bars, elastic membranes m 
the arterial system, and basement membranes 

3 Strangeuai s, T S P, -mil Canti, E G Quart 
J J ticio Set , 1927, 71 , I 

iPoitei, K K , Claude, A, and Fullam, E P, 

J ixp Med , 1943, 81, 233 
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TABLE III 

Antipj ndoxine Actmtj of Desox} pj ndoxine as Measured in 9 dm Cuiatnc Assajs with Clucks 
Receiving a ndoxine Deficient Diet 


Oral supplement* 

/ ' 
Pj ndoxine Desoxypi i ldounc 
hvdrochloride, lij droeliloride 

yg vS 

Suri n al of 
chicks, 
aln e/total 

Wt gain 
per cluck, 
g 

Loss in 
pi ndoxine 
actmti, 

9-g 

Ratio of 
inhibition, 
analog i it 

1G 

32 

2/7 

15 5 

11 

3 1 

1G 

16 

6/7 

20 5 

7 

2 1 

16 

S 

7/7 

18 8 

8 

1 1 

4 

— 

6/7 

14 5 



8 

— 

6/7 

19 5 



16 

— 

7/7 

28 0 



16 

10 

5/7 

23 4 

3 

5 1 

24 

16 

7/7 

30 2 

8 

2 1 

35 

50 

6/7 

214 

23 

2 1 

— 

— 

3/7 

7 2 



8 

— 

6/7 

16 1 



12 

— 

7/7 

19 6 



1G 

— 

6/6 

32 0 




* Amt giAen pei cluck on cnch of 4 successnt alternate dajs 


activity of one part of pyridoxine (Table III) appe ars that desoxypyndoxine is the most 

Previously reported B vitamin antagonists potent of the B vitamin inhibitors as yet dis- 

are relatively much weaker antivitamins For v .' < : overc d 
example, only one molecule of thiamine was 


required to overcome the antithiamine activi- 
ty of 40 molecules of pyrithiamine in mice, 4 
and a similar ratio was found between ribo- 
flavin and isoriboflavin rats ' It therefore 


lAVoollei, D W , and White, AGO , J Biol 
Chem , 1943, 149, 283 

3 Emerson, G A, and Tisltlei, M, Proc !soc 
Exp Biol ixd Med , 1944, 55 184 


Summaiy Bioassays with chicks have 
shown that 2,4-dimethyl-3-hydroxy-5-hy- 
droxymethylpyridine is a very potent inhibitor 
of pyridoxine Under the conditions of these 
experiments, two molecules of the inhibitor 
«ere sufficient to offset the vitamin activity 
of one molecule of pyridoxine This ratio 
was found to hold for suboptimal and optimal 
amounts of pyridoxine given to pyridoxine- 
deficient chicks 
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Adrenolytic and Sympatholytic Actions of Priscol (benzyl-imidazoline) 
Dorothy Chess and Fredrick F Yonkman 

From the Dcpaitment of Finn macology, Jtcsraicli Dwi non, Ciha Phaniuiceuticnl F induct?, Jnc , 

Lafayette Pari, Summit, X J 


Experimentally employed adrenolytic 
agents include ergotoxme, ergotamine tartrate, 
yohimbine hvdrochloride, various esters of 
yohimbic acid and the Fourneau Compounds, 
F933 and F899 In some respects these 
agents seem to be sympatholytic as well as 


adrenolytic It has been reported 1 that Priscol 
exerts this dual effect 

The adrenolytic properties of priscol have 


1 Meier, R and Meier, R Tli Selin ei~ Med 
Tf i chi 1941 71, 120G 
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Antipyridoxine Activity of Desoxy pyridoxins 


TABLE I 

PjiidoYine Deficient Diet foi Chicks 


Devti ose (cerclose) 

46 5 

C lsein (vit free) 

25 0 

Gelatin 

10 0 

C-vluum glueomte 

50 

Suits IVi 

50 

KH ,PO., 

10 

Livei extract “L’ !_ 

2 0 

Wheat genii oil 

4 o 

400D fish livei oil 

0 5 

Cy stine 

02 

Choline 

0 2 

Inositol 

01 

p Anunobenvoie i<_id 

0 03 

Niacin 

0 01 

Calcium pantothenate 

0 004 

Ribofl i\ in 

0 002 

Thiamine 

0 002 

Menadione 

0 0004 

Biotin 

0 00004 

Total 

100 05 


* B ilson 5. Co , Inc , Chicago, 111 
i Ilogstcd, D M, Mills, I? C, Elvehjem, C A, 
md If lit, L' B / Hi of Client 1041, 138, 459 


dose also proved fatal to the birds On the 
other hand, pyrido\me-deficient chicks which 
received no supplement suffered less than 
60% mortality in the same assays 

That the action of the analog was probably 
due to interference with pyrido\ine activity 
rather than to some other type of tOMCity 
was indicated b> a test on chicks receiving 
a commercial starting ration Dose levels 
of SO, 100, and 200 jig were given to groups 


of 3 six-day -old chicks each and repeated on 
the tno following alternate days All chicks 
survived, and no retardation of growth was 
observed These chicks, with normal body 
stores of pyndoxine and an adequate supph 
of the vitamin in the commercial starting 
ration were able to tolerate total dosages 
of at least 600 p g of the analog, a quantity 
more than 6 times as great as the lethal 
dose to more than half the pyridoxine-deficient 
chicks 

On the assumption that desox-ypyridoxme 
acted as an antivitamin, further assays were 
conducted with pyridoxine-deficient chicks 
on the pyridoxine-deficient diet to estimate 
the amount of the analog needed to counter- 
act a gix'en amount of pyridoxme (Table III) 
In these tests the dose of pyridoxme always 
preceded the dose of the analog bv 15 to 
30 minutes 

The growth response of each group receiv- 
ing both compounds was compared with the 
standard curve of response from graded lex els 
of pyndoxine, and the net pyridoxme activity 
of each combination was estimated Sub- 
traction of the observed pyridoxme activity 
from that theoretically expected on the basis 
of the level of pyndoxine administered gave 
the apparent loss m pyndoxine activity occa- 
sioned by the dose of desoxypyridoxme From 
these last 2 values it can be seen that about 2 
parts of the analog counteracted the biological 


TABLE II 

Activity of Desoxypjridoxmc -md Dj lidoxmc m 9 d n Cuntive Tests with Clucks Receiving 

a Diet Deficient m Pyndoxine 


Or'il supplement* 


Pv ridoxine 

In (li ochlmule 

Mg 

Desoxv pv i idoxine 
hydiochloude 

Mg 

Sun ml of chicks, 
ahve/total 

Wt gam per cluck, g 


300 

0/7 

(5 deid after 1st dose) 

(2 ” ” 2nd ” ) 

3 S 



6/7 

1G 

— 

7/7 

36 6 

1G 

100 

0/7 

(4 dead uftei 1st dose) 



4/7 

(3 ” ” 2nd ” ) 

07 

16 

16 

7/7 

0/0 

33 0 

(3 dead after 1st dose) 



3/7 

(2 ” ” 2nd ” ) 

(1 " ” 3rd ” ) 

—74 

16 

— 

6/6 

32 0 


given per c hick on end. of 4 successive alternate davs 
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TABLE III 

Antipvndoune Actmtj of Desowporidoxine as Measured in 9 daj Curatne Assaas aaith Clucks 
Receiving a Pyridoxine Deficient Diet 


Oral supplement* 

/ ‘ ' 
Pj ndoxine Desoxvpi i ldoxme 
hydrochloride, hydrochloride 
fig uS 

Sun i\ il of 
clucks, 
alia e/total 

W't gam 
per cluck, 
g 

Loss m 
pa ndoxine 
actia ita , 
ag 

Ratio of 
inhibition, 
analog ait 

16 

32 

2/7 

15 5 

11 

3 1 

16 

16 

6/7 

20 5 

7 

2 1 

16 

S 

7/7 

18 8 

8 

1 1 

4 

— 

6/7 

14 5 



8 

— 

6/7 

IP 5 



16 

— 

7/7 

28 0 



16 

16 

5/7 

23 4 

3 

5 1 

24 

16 

7/7 

30 2 

8 

2 1 

35 

50 

6/7 

21 4 

23 

2 1 



— 

3/7 

72 



8 



6/7 

161 



12 

— 

7/7 

19 6 



16 

— 

6/6 

32 0 




* Amt gi\en per cluck on each of 4 successuc alternate da^s 


activity of one part of pyridoxine (Table III) appe ars that desoxvpyndoxine is the most 
Previously reported B vitamin antagonists^ potent of the B vitamin inhibitors as yet dis- 

are relatively much weaker antivitamins Forv_covered 

example, only one molecule of thiamine was 


required to overcome the antithiamine activi- 
ty of 40 molecules of pyrithiamine in mice, - * 
and a similar ratio was found between ribo- 
flavin and isoriboflavin rats r ' It therefore 


■MYoollea, D W , and White, \ G C , 7 Biol 
Cliem 1943, 140, 2S5 

'Emerson, G A, and Tislilei, M, Proc Soc 
Exp Biol ind Med , 1944, 35, 184 


Summary Bioassays with chicks have 
shown that 2,4-dimethvl-3-hydro\y-5-hy- 
droxymethylpyndine is a very potent inhibitor 
of pyridoxine Under the conditions of these 
experiments, two molecules of the inhibitor 
were sufficient to offset the vitamin activity 
of one molecule of pyridoxine This ratio 
was found to hold for suboptimal and optimal 
amounts of pyridoxine given to pyridoxme- 
deficient chicks 
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Experimentally employed adrenolytic 
agents include ergotoxine, ergotamine tartrate, 
yohimbine hydrochloride, various esters of 
yohimbic acid and the Fourneau Compounds, 
F933 and F899 In some respects these 
agents seem to be sympatholytic as well as 


adrenolytic It has been reported 1 that Priscol 
exerts this dual effect 

The adrenolytic properties of priscol have 


1 Meier, R and Mm or, R Tli Schncic Ifeil 
Jl vein , 1941, 71 120G 
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■\ntipyrido\ixe Activity of Desow pxridowne 


TABLE I 

Pjiirloxiuc Deficient Diet foi Chicks 


Dextrose (cerelose) 

46 5 

Casein (ut free) 

25 0 

Gelatin 

10 0 

Calcium gluconate 

5 0 

Salts IV 3 

5 0 

kh 2 po 4 

1 0 

Lixci extract “L’'* 

20 

Wheat gum oil 

4 0 

400D fish live! oil 

05 

C 3 stme 

02 

Choline 

0 2 

Inositol 

01 

p Annnobonzoic acid 

0 03 

Niacin 

0 01 

Calcium pantothenate 

0 004 

Riboflavin 

0 002 

Thiamine 

0 002 

Menadione 

0 0004 

Biotin 

0 00004 

Total 

100 05 


“ Wilson & Co , Lie , Chicago, 111 
1 Hogs led, D if , .Wills, It C , Eh elijun, C A , 
ind Unit LB 1 Ttwl Client 1041, 138, 450 


dose also proved fatal to the birds On the 
other hand, pyridoxme-deficient chicks which 
received no supplement suffered less than 
60% mortality in the same assays 
That the action of the analog was probabfy 
due to interference with pyrido\ine activity 
rather than to some other type of toucitj 
was indicated by a test on chicks receiving 
a commercial starting ration Dose levels 
of 50, 100, and 200 pg were given to groups 


of 3 six-da\-oId chicks each and repeated on 
the two following alternate days \11 chicks 
survived and no retardation of growth was 
observed These chicks, with normal body 
stores of p) ridowne and an adequate supph 
of the vitamin m the commercial starting 
ration, were able to tolerate total dosages 
of at least 600 ^g of the analog, a quantit\ 
more than 6 times as great as the lethal 
dose to more than half the pt'ridoxine-deficient 
chicks 

On the assumption that desoxyp 3 , rido\ine 
acted as an antivita mm, further assays were 
conducted wath pyridoxine-deficient chicks 
on the pyridoxme-deficient diet to estimate 
the amount of the analog needed to counter- 
act a given amount of pyrtdoxme (Table III) 
In these tests the dose of pyridoxine alwavs 
preceded the dose of the analog b 3 r 15 to 
30 minutes 

The growth response of each group receiv- 
ing both compounds w'as compared with the 
standard curve of response from graded levels 
of pvridoxine, and the net pyridoxine actmtv 
of each combination was estimated Sub- 
ti action of the observed pyridoune activity 
from that theoretical^ expected on the basis 
of the level of pt’ridoxine administered gave 
the apparent loss in pyridoxine activity occa- 
sioned b) r the dose of desoxypyndoxme From 
these last 2 values it can be seen that about 2 
parts of the analog counteracted the biological 


TABLE II 

Aetmtj of Desoxjpjridoxme and Piiidovme m 9 d n Cuntne Tests with Clucks Receiving 

a Diet Deficient m Pyridoxine 

Oral supplement* 


/— 


Pi ridoxiue 
lijdiochlonde 

MS 

Dcsom p'v i ldoMnc 
Iijdrochloiide 

Mg 

Sun 11 il of chicks, 
aln e/total 


Wt gun per chick, g 


100 

0/7 

(6 

dead aftei 

■ 1 st dose) 



(3 

>y 

2 nd ” ) 


— 

6/7 

3 8 


16 

— 

7/7 


36 6 


16 

100 

0/7 

(4 

dead aftei 

1 st dose) 


(3 

13 13 

2 nd ” ) 


— 

4/7 

0 7 


16 

16 

7/7 

0/6 

(3 

33 0 
dead after 

1 st dose) 


(2 

11 31 

2 nd ” ) 




(1 

3 3 3 1 

3rd ” ) 

16 

— 

3/7 

6/(1 

—7 4 
32 0 



en per cluck on etch of 4 success,, e alternate dais 
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Fig 1 


traction of the intestinal musculature under 
vagal influence might account in part for 
elevating blood pressure, this could be er- 
roneously interpreted as resulting from 
splanchnic vasoconstriction The blood pres- 
sure, however, was elevated during splanchnic 
faradization in the atropinized animal and, 
therefore, such pressure elevation must have 
been due only to vasoconstrictor stimulation 
In reference to pressure variations, it seemed 
to make little difference whether the adrenal 
glands were intact In almost every instance 
faradization of the splanchnic nerves resulted 
in vasoconstriction, as evidenced by hyper- 
tension Rarely, after priscol paralysis of 
vasoconstrictors did faradization of the 
splanchnic nerves produce a slight, transient 
drop in pressure This may have been due 
to splanchnic stimulation of the adrenal gland, 
resulting in the production of epinephrine, 
which, in the presence of adequate amounts 
of priscol, would produce a typical “epine- 
phrine reversal ” Such a drop in pressure 
could also have attended the added relaxa- 
tion of the intestines resulting from faradiza- 
tion of splanchnic inhibitory fibers to the 
musculature of the intestine Since this 
slight pressure drop occurred also in the ab- 
sence of the adrenals, it was undoubtedly due 
chiefly to intestinal relaxation attending stim- 
ulation of sympathetic inhibitory fibers m 


the splanchnic nerves 

The fact that adrenergic salivation as 
produced by epinephrine, ephedrme, or cervi- 
cal sympathetic faradization is depressed by 
priscol indicates that this drug is a general 
sympathetic depressant, more potent m re- 
spect to some functions than to others 
Militating against this generalization, how- 
ever, is the persistence of mydriatic responses 
to epinephrine and faradization after priscol 
m the doses employed Whether higher doses 
would nullify pupillary responses is prob- 
lematic, m any event, sufficient evidence is 
presented to indicate that priscol vanes m 
its adrenolytic and sympatholytic potencies 
in the cat in respect to different sympathetic 
functions Such variance might prevail in 
other species, including man 

The antisympathetic properties of priscol 
suggest the use of this drug in Raynaud’s 
disease as recently reported by Lindquist 4 
and in other conditions of sympathetic pre- 
dominance, for instance m hypertension of 
neurogenic origin as postulated by Hevmans 3 
where it should act not symptomatically as 
a depressor but etiologically as an antagonist 
to excessive adrenergic stimuli 

■* Lindquist T , Acla ZIci 7 Sr and , 1943, 
districted m J A V A , 1941, 127, CIS 

• Ilivmnis, t , mid Bout Kurt, J T , C Jl Soc 
hml 1931, 10G, 471 
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been corroborated 2 m respect to alterations 
in blood pressure in urethanized cats and it 
seemed desirable to test the drug’s sym- 
patholytic properties This was done not 
only in relation to general circulatory re- 
sponses but also in reference to other func- 
tions under control of the sympathetic nervous 
sy'stem 

Methods Adult cats of both sexes were 
prepared under urethane or DIAL-With- 
Urethane for carotid cannulation to record 
arterial pressure by the Anderson- 1 manometer 
The vagi were severed The drugs employed, 
injected intravenously on a basis of milligrams 
per kilogram, included epinephrine HC1, 
priscol HC1, atropine SOj, ephednne SCb 
and pituitrin 

In some of our experiments shielded elec- 
trodes were attached to either or both sets of 
splanchnic nerves and the adrenal glands were 
extirpated or ligated 

The secretory function of the submaxillary 
gland, as influenced by' injection of drugs or 
faradization of the ipsilateral chorda tympam 
and cervical sympathetic nerves, was deter- 
mined after cannulation of Wharton’s duct 
by' measuring the salivary flow on a hori- 
zontally placed manometer Pupillary re- 
sponses were observed and measured directly 

Results Twenty-four experiments were 
performed and the most significant findings 
were 

1 Priscol, 5 mg, without exception, pro- 
duced a drop in blood pressure of 50% or 
more, pressure gradually returned to normal 
within an hour or two Adrenolj'sis in- 
variably prevailed for vasoconstrictor neural 
components since an “epinephrine reversal” 
was consistently obtained during the hypoten- 
sion caused by' priscol Sympatholysis of vaso- 
constrictor components, however, did not pre- 
vail with this dose of priscol, although it 
could be produced readily wnth a 10 to 15 
mg dosage (Fig 1) 

2 Priscol was both adrenolytic and sym- 
patholytic in respect to sympathetic control 

- Cliess, D , 'Old Yonknnn, T F , Fed Froc , 
1045, 4, 114 

1 Anderson, F F,J Lob and Chn Med , 1041, 

26, 1520 


of salivary secretion The response to epine- 
phrine was usually' diminished or lost before 
the response to faradization of the cervical 
sympathetic nerve had been completely abol- 
ished The required dose of priscol varied 
from 1 to 20 mg for adrenoh'sis and from 5 
to 20 mg for symipatholysis No consistent 
correlation could be established between the 
sympathetic inhibition of salivation and the 
loss of vasoconstrictor control of blood pres- 
suie effected with equal doses of priscol 
These dose ranges were greater than those 
suggested in our pi elimmary report 2 

3 Atropine, 0 2 mg, did not interfere with 
the antisympathetic actions of priscol and 
neither did pituitrin (Fig 1) 

4 Priscol also inhibited the salivary re- 
sponse that normally is invoked by' ephednne 

5 Priscol initiated salivation, but in only' 
2 cases and only' after high dosage, 12 to 
30 mg 

6 The pupil lesponded well after priscol 
by dilating in response to administration of 
epinephrine or to faradization of the cervical 
sympathetic nerve In some of our experi- 
ments, priscol caused constriction of the pu- 
pil, this occurred with a dose of 3 to 5 mg 

Discussion With these experiments it has 
been confirmed that priscol possesses the 
dual antisympathetic action of other known 
sympathetic-blocking agents, namely, the 
adrenoly'tic and sympatholy'tic actions which 
characterize such substances This is most 
obvious m the responses of the vascular sys- 
tem after priscol epinephrine reversal pre- 
cedes nullification of splanchnic vasoconstric- 
tion to faradization 

In order to rule out the severe hypotension 
induced by priscol as the cause of splanchnic 
nerve paralysis, the pressure w r as raised by 
pituitrin (Fig 1), during this elevation of 
tension adrenoly'sis and sympatholysis still 
prevailed 

Atropine was employed for two reasons 
(1) to determine the effect of the loss of 
cholinergic control of salivation in relation 
to priscol ’s antisympathetic actions and, (2) 
to rule out vagal stimulation of the gut by 
faradization since vagal components may' run 
through splanchnic nerves, in which case con- 
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Fig 1 

The couise of poll c) themn pioduced bj cobalt m nts The dotted line in each of the 3 
upper charts shows the maximal \alues m red cells, hemoglobin, md i eticuloea tes pioduced ba 
2 mg of eobaltous chloride daily 


were determined in the following manner 
The dye T-1824 (Evans blue) in a solution of 
1 0 mg per ml was injected into a tail vein 
in amounts of 1 S mg per kg of body weight 
Twenty-five minuteszh30 seconds were al- 
lowed for the dye to mi\ with the circulat- 
ing blood The animals were lightly an- 
aesthetized with ether for one to V/2 minutes 
prior to drawing 2 0 ml of blood bj' heart 
puncture A precise amount of dry am- 
monium and potassium oxalate was used as an 
anticoagulant Samples for blood counts were 
taken from the non-oxalated blood while 
smears for differential leucocyte and reticulo- 


cyte counts were made from the oxalated 
blood The mean cell diameters of the red 
cells were determined by means of a Haden- 
Hausser erythrocytometer using a fresh solu- 
tion of 1 4% sodium oxalate as the diluent 
Hematocrit determinations -were made and 
the supernatant plasma w r as used for plasma 
volume calculation A Klett-Summerson 
Photoelectric colorimeter employing a Wratten 
filter F-29 was used to determine the dye con- 
centration In order to limit blood loss to 
a minimum, the plasma of each animal was 
diluted from 1 4 to 17 with saline and 
centrifuged immediately prior to reading 
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Svmmmy and Conclusions Prised (benzvl- 
lmidazoline) is sympatholytic as well as 
adrenolytic in reference to the sympathetic 
neural control of blood pressure and saliva- 
tion Adrenolysis mvanably precedes sym- 
patholj'sis with any dose that is adequate to 
produce both effects These pharmacody- 
namic actions persist during pnscol hypoten- 
sion, pituitrm hypertension and in the pres- 


ence of atropine 

Although sympathetic depression of salta- 
tion and vasoconstriction can be produced 
with variable doses of pnscol, up to IS mg, 
they are without sympatholytic or adrenohtic 
effect upon the cervical sympathetic neural 
components controlling mydriasis, indicating 
that a diffeiential sympathetic depression 
characterizes this antisympathetic agent 
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Observations on Cobalt Polycythemia I Studies on the Peripheral 

Blood of 'Rats 

Allan J Stanley, Howard C Hopps and Arthur A Hellbaum 
From tlic Vcpnitmcnts of Physiology, Pathology and Phai macology, Unneisity of Ollahoma 
School of Medicine, Ollahoma City, Olla 


The experimental production of polycythe- 
mia by the administration of cobalt has been 
demonstrated by' a number of investigators 
since its discovery by the AValtners 1-9 This 
effect of cobalt has also received application 
m the treatment of various anemias in both 
animals and human beings 10 11 

The mechanism of action of cobalt 

*■ Tins woiL li is Mippoitul In i gi mt from the 
Uimusiti of OKI ilionu Siliool of Medicine 

I Wiltnu, K , and V iltiui, K , Klin II ehnsclii , 
1929, 8 313 

Oitcn, T M , t'ndeilnll, F A , Mugi igc, E 15 , 
and Lems, 15 C , Plol Soc E\p Biol \xdMed, 
1931, 21, 174 

■^Oitcn, J M , Unduliill, F AjMngiigc E R, 
and Lewis, R C, 7 Biol Chan 1932,19,457 
iDius, J L , Pkoc .Soc Exr Biol vxm Med , 
1937, 17, 90 

"Baiion, A G, and Binon B 8 G , Ppoc 
Soc Exp Biol imi Med, 1930, 35, 407 

0 Mastlu.ll> t, P, -t>ch ital hiol , 1930, 82, 112, 
Chan Absti , 1930, 24, 32S0 

TSuttli, J, C 7' Soc dc biol , 1934, 116, 994 
8 St lie, F 7, and Eh eh jc ill, G A , J Biol 
Chan , 1933, 91, 473 

!) Dai is, J E , McCullough, A W, and Rigdon, 

H .7 Bah and Clin Med , 1945, 30, 327 
10 Klunbeig, AV, Goidon, A S, and Chanppci, 

H A, FROC Soc Exp Biol and Med, 1939, 

42, 119 

II Kuto, K , J Bed , 1937, U, A8o 


remains obscure Several theories have 
been advanced, however none has been fully 
agreed upon as a satisfactory explanation by 
those who have investigated the problem 
During the course of some experiments re- 
lating to factors influencing various types of 
anemia, certain new' observations concerning 
the action of cobalt came to our attention 
Male rats of the Sprague-Dawley strain, 
4 to 5 months of age, weighing approximately 
200 g were given cobaltous chloride, CoCh 
6(H_0), 0 4</ o solution, by subcutaneous in- 
jection in the back and shoulder region 6 times 
weekly throughout a period of 8 months 
Nine animals, divided in to 3 groups of 3 
each, received 2 5 mg, 5 0 mg and 10 0 mg 
per kg of body' weight respectively' Other 
animals of the same age, weight, and sex 
served as controls The rats were fed dog 
chow only (Fnskies, Albers Milling Co ) 
Erythrocyte, reticulocyte, leucocyte and 
differential counts as well as hemoglobin de- 
terminations w r ere made every 2 W'eeks Care 
was taken to draw only the amount of blood 
necessary for the determinations, the punc- 
ture wound in the tail vein being promptly 
closed after each bleeding 4 Haden-Haus- 
ser hemoglobinometer (Improved Clinical 
Model) was used for the hemoglobin deter- 
minations 

At the end of 32 weeks, blood volumes 
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regular 2-week intervals It is apparent that 
the response of reticulocytes, red cells, and 
hemoglobin is influenced slightly by the dosage 
of cobalt but that the average figure for 
the 3 groups is close to that elicited by the 
maximum dose of 10 0 mg per kg of body 
weight The curves for body weight and 
leucocyte count similarly show no marked 
differences as affected by the 3 doses given 
While the experimental animals failed to 
gain as much weight as the controls, no 
other deleterious effects were noted, which in- 
dicates a low systemic toxicity from cobaltous 
chloride in adult animals in the dosage ad- 
ministered 

Table I presents the numerical data for each 
animal relative to the blood volume at the 
end of 32 weeks The striking increase in 
total red cell mass and the slight but con- 
sistently lower plasma volumes are worthy 
of note 

Table II contains data derived from cell 
counts, measurements of the mean cell diame- 
ter, hematocrit and hemoglobin content The 
cell size, cell volume, cell thickness, absolute 
hemoglobin content and hemoglobin concen- 
tration were calculated according to Wint- 
robe 12 Regarding the size, shape and hemo- 
globin content of erythrocytes from animals 
with cobalt polycythemia the following facts 

12 AVmtrobe, M M , Clinical Hematology, Lei &, 
Febiger, 1942 


have come to light as a result of this study 
1 Although the mean cell diameter remains 
normal the cell volume increases by about 
one-third, a change which is proportionate to 
the increase in cell thickness 2 The ab- 
solute amount of hemoglobin per red cell re- 
mains unchanged 

The blood volume per kilogram of body 
weight of these animals compares favorably 
with that found m the more extreme cases 
of polycythemia vera in man 13 

Detailed histopathologic studies are in 
progress as well as further work on the com- 
ponents of red cells and plasma 

Conclusions 1 Injections of cobaltous 
chloride continued over a period of 8 months 
without apparent serious toxicity has resulted 
in persistent polycythemia during this period 
of a degree comparable to that occurring in 
polycythemia vera in man 2 The average 
increases in blood volume and total erythrocyte 
mass as compared with controls was 80% and 
192 % respectively, due entirely to increase m 
erythrocytes since plasma volume decreased 
16 % on the average 3 The erythrocyte 
of polycythemic animals as compared with 
the normal increased in volume 41% due al- 
most entirely to an increase in the thickness 
of the cell The hemoglobin content remains 
essentially unchanged 

H Gibson, J B , 2d, Harris, A AV, and Swigert, 
X AY , J Clin Invest , 1939, 18, 621 
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Influence of Dimethylaminoethylbenzhydryl Ether Hydrochloride Upon 
Histamine Flare Reactions 

Herbert Elias, and Thomas H McGavack (Introduced by Israel S Kleiner) 
From the New ToiX Medical College, Metropolitan Hospital Heseaich Unit, Welfare Island, 

New 7o rl City 


The alleviation of histamine induced 
anaphylaxis m guinea pigs has been described 
following the use of a number of benzhydryl 
alkanune ethers of the general formula, 
where R represents a carbon chain carrying 
a primary, secondary or, in most cases, a 


tertiaiy nitrogen atom 123 In one of the 

iLoew, E B, Kaiser, M E, and Moore, A r , 
I Phaim and Hrp Thcrap , 1945, 83, 120 
- Loom, E B, and Kaiser, M E Proc Soc 
Exp Biol and Med , 1945, 58, 23o 
-Simp, E A, poisonal communication 
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Blood Valnes of Cobalt Injected Rats 
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Difference between controls and experimental animals 
16 00 66 0 5 07 71 21 04 73 2 


6 60 


7 32 


71 


% increase or decrease experimental over controls 
+61 +50 +80 —29 3 —16 +142 +192 +80 +192 —16 

Data denied from hematocrit and plasma lolume determinations at the end of 32 weeks of cobalt in 
lections Rats 1, 2, and 3 recened 0 5 mg cobalt daili , rats 4, 5, and 6 receiied 1 0 mg cobalt daily, rats 
7, 8, and 9 receti ed 2 0 mg cobalt daily 


TABLE II 

Data Relative to Shape, Size, and Hemoglobin Content of Red Cells of Rats After Injections 

of Cobalt 



Controls 

Cobalt 

% increase 

Mean cell diameter m y 

6 45 

6 55 

— 

Mean red cell volume in y% 

47 0 

66 5 

410 

Mean red cell thickness m y 

1 44 

1 97 

36 8 

Mean red cell hemoglobin in wig 

17 0 

17 0 



Mean red cell hemoglobin cone m % 

36 4 

26 5 

—27 4 


Data relative to the red cells of rats injected with cobalt The mean corpuscular volume 
and mean corpuscular thickness are derived from red cell counts, hematocrit determinations and 
mean cell diameters The hemoglobin values are calculated from hemoglobin determinations, 
red cell counts and total red cell mass 


Calibration curves were made on rat plasma 
containing known amounts of T-1824 and 
also diluted 1 4 to 1 7 Dilution of rat 
plasma with as much as 7 parts of saline did 
not alter the absorption characteristics of 
T-1824 as determined by the photoelectric 
colorimeter At the time the blood volume 


determinations were made, blood counts also 
were made using blood taken from a tail 
vein and from the heart of each animal The 
differences between the two counts for each 
animal were within the tolerated limits of 
technical error 

Fig 1 summarizes the data obtained at 
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TABLE I 

Entliema and Mheal Reactions to the Intneutaneous Adimmsti ition of Dimetbj lanunoetlij 1 

Benzhjdryl Etlior Hydrochloride 


J)egi co of Reaction (% of control)! 


Xo 

subjects 

Bos ige 
(mg/daily ) 

Duration 
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(weeks) 

/ 

Eiy thenia 

IVheal 

✓ 

5 nun 

10 nun 

5 nun 

10 nun 

10 

0 



100 

100 

100 

100 

5 

150 

0 0 

105 

63 

63 

75 

5 

300 

2 0 

4 

37 

3 

7 

3 

400 

23 

24 

33 

4 

8 

6 



0 5t 

138 

155 

185 

168 

O* 

— 

lot 

493 

300 

104 

104 


* Botli of these patients had reeened treatment foi moic than 11 necks, and at the 400 mg 
dosage lciel foi not less thin 2 weeks 

t Length of time since tieatment was discontinued 
} Figuies lepresent aierages for the number of sublets indie ited 


to develop, even on long continued adminis- 
tration, and the clinical results thus far at- 
tained, 4-10 warrant further extensive clinical 
trial of the drug in a wide variety of allergic 
conditions 

Summary Dimethylaminoethylbenzhydryl 


ether hydrochloride orally administered in 
sufficient amounts is capable of completely 
suppressing the sensitivity of the shin to 
histamine, at least as expressed by the wheal 
and flare reaction In limited trials, this ef- 
fect appears to have widespread clinical ap- 
plication 
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The Reputed Antipyretic Action of Camphor * 

Eldon M Boyd, and Kathleen G W Seymour 
From the Department of Pharmacology, Queen's University, Kingston, Canada 


Many current textbooks of pharmacology 
contain statements to the effect that camphor 
is antipyretic and useful in the symptomatic 
treatment of fevers Thus for example, in 
Sollmann’s treatise 1 we find, “Camphor Spir- 
it is a household remedy in colds, bronchitis, 
etc It is thought to be somewhat expectorant, 
diaphoretic and antipyretic (Bmz, 1875 
and 1877) ” In older boohs, published 100 
years or more ago, less cautious statements 

* Tins research Ms aided financially by a grant 
from the Committee of Scientific Research, Queen’s 
Uiuyersity A leport. of the work was presented 
at the annual meeting of the American Society 
for Pharmacology and Experimental Therapeutics, 
Inc , Atlantic City , March, 1946 

1 Snllmann, T , .1 Manual of Pharmacology, Ctli 
ed , Saunders, Loudon, 1942 


are made, for there the virtues of camphor 
as an antipyretic are panegyrised Camphor 
was first used in China and brought to 
Europe by the Arabians 2 Its introduction 
as an antipyretic seems to have been based 
upon at least two properties, first that it has 
some antidiarrheic activity and secondly that 
spirit of camphor, applied to the shin, has 
a cooling effect There has been no recent 
worh done to check these ancient concep- 
tions of the antipyretic value of camphor 

In the worh described in this report, some 
500 animals, including albino rats, guinea 
pigs, rabbits and cats, were rendered febrile 
by the intramuscular injection of peptone 
(B D H ) m a dose of 1 g per hilo body 

2 Pluckiger, P A , and Ilanburx , D , Pharma 
coqraphia , M icnulHn London, 1870 
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most potent of these preparations, the R 
grouping is beta-dimethyiaminoethy] 1 2 
The present experiments have been con- 
ducted to determine the degree to which 
histamine flare reactions in the shm can be 
influenced bv the oral administration of 
dimethylaminoethyl benzhydryl ether hydro- 
chloride* to human subjects 

Methods and Materials Human beings 
who were not known to have any allergic dis- 
ease or other condition associated with a 
recognizable disturbance of the autonomic 
nervous system were subjected to histamine 
flare tests before, during, and after the oral 
administration of varied amounts of dimethyl- 
ammoethyl benzhydryl ether hydrochloride 
To examine skin sensitivity to histamine, 
a drop of 1 % aqueous histamine solution and 
a drop of physiological saline for control pur- 
poses were each applied to the volar surface 
of the forearm A slight depression of the 
skin under each drop was then made by pres- 
sure from a sterilized ordinary pm, care being 
taken not to cause any bleeding After 5 
minutes, the drops were gently wiped away, 
and the size and shape of the wheal and 
erythema were outlined with ink This out- 

‘Gencious supplies of this nnteml undei the 
mine, Benidnl, hive been nude amiable through 
the courtesy of Dr E A Sharp, of P irke, Dans 
& Co , Detroit, Mich 

4 Curtis, A C, and Ov, ins, B B, X7n\v Hosp 
Bill! , Ann Arbor, 1945, 11, 25 

3 0 ’Lean P A , and Faiber, E M, Proc Staff 


line was accurately transferred for perma- 
nent record by the use of transparent paper 
and india ink At the end of 10 minutes a 
similar reading and recording of the xxheal 
and erythema was made The size of the 
wheal and of the erythema were approximated 
by multiplying the diameters at right angles 
by each other The values thus obtained in 
each subject in the fore period were arbi- 
trarily taken as 100%, and all subsequent 
values computed as fractions or multiples 
thereof 

Results The data (Table I) reveal that 
a daily dose of ISO mg of dimethylammoethyl- 
benzhydryl ether hydrochloride was capable of 
a definite reduction m the sensitivity of the 
shm to histamine, and that 300 mg daily 
might effect a maximum response if suffi- 
ciently long continued A diminution m 
both wheal and erythema has been observed 
after 3 daj’s of treatment with 150 mg daily 
A complete disappearance of both wheal and 
erythema has been noted in some cases after 
10 days of treatment with 300 mg The 
continued administration of the drug, at least 
for periods up to 18 weeks apparently does 
not alter the striking anti-histamine action 
As a rule a maximum effect can be attained 
with a dose of 300 mg daily, although this 
may not be reached quite so promptly as 
when 400 mg are given 
When the drug is discontinued, the re- 
sponse to histamine is accentuated as com- 
pared with the control period In one in- 
stance, the “release” phase was associated 
with a flare and wheal that were approximately 
500% of the original In every case, this 
phasic effect is seen, but the response to 
histamine usually returns to normal within 
a few days after dimethylaminoethyl 


it ectinqs of the Mayo Clime, 1945, 20, 429 

0 McElin, T 3V, and Horton, B T, Proc Staff 
Meetmqs of the Mayo Clinic, 1945, 20, 417 

7 Koelsclie, G A, Prictman, L E, and Caniei, 
H M , Proc Staff Meeting s of the Mayo Clinic, 


1945, 20, 432 

8 Williams, H L, Proc Staff Meetings of the 
Mayo Clinic, 1945, 20, 434 

o Logan, G B , Proc Staff Meetings of the Mayo 


Clime, 1945, 20, 436 
io McG'mcK, T H, Elns, H 


and B(v\d, L J , 


j Lab and Clin Med , in press 


benzhydryl ether hydrochloride has been 
stopped In no previously norma] subject 
was this increased response to histamine as- 
sociated with any clinical allergic manifesta- 
tion 

Discussion Undoubtedly the anti-hista- 
mine action of dimethylaminoethylbenzhydryl 
ether hydrochloride accounts for the clinical 
success attendant upon its application to 
several types of skin condition 4 r ’ The high 
therapeutic index, the failure for tolerance 
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TABLE I 

Eivthemi and \\ heal Reactions to the Intiaeutaneous Administr ition of Dimethv liminoetliv 1 

Benzhxdnl Ether Hvdroehloride 


Xo 
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Dur ition 
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(weeks) 
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0 0 
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8 

6 
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‘Both of these p itients Ind received treatment for moie than 11 necks, and at the 400 mg 
dosage level for not less than 2 weeks 

t Length of time since treatment was discontinued 

‘Figures lepresent averages for the number of subjects indicated 


to develop, even on long continued adminis- 
tration, and the clinical results thus far at- 
tained, 4-10 warrant further extensive clinical 
trial of the drug in a wide variety of allergic 
conditions 

Summary Dimethylamvnoethylbenzhydryl 


ether hydrochloride orally administered in 
sufficient amounts is capable of completely 
suppressing the sensitivity of the shm to 
histamine, at least as expressed by the wheal 
and flare reaction In limited trials, this ef- 
fect appears to have widespread clinical ap- 
plication 
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The Reputed Antipyretic Action of Camphor * 

Eldon M Boyd, and Kathleen G W Seymour 

From the Department of Pharmacology, Queen’s Unnervty, Kingston, Canada 


Many current textbooks of pharmacology 
contain statements to the effect that camphor 
is antipyretic and useful in the symptomatic 
treatment of fevers Thus for example, in 
Sollmann’s treatise 1 we find, “Camphor Spir- 
it is a household remedy in colds, bronchitis, 
etc It is thought to be somewhat expectorant, 
diaphoretic and antipyretic (Bmz, 1875 
and 1877) ” In older books, published 100 
years or more ago, less cautious statements 

* This research was aided fmanciallv hi a grant 
from the Committee of Scientific Research, Queen’s 
L'mversitv A report of the work was presented 
it the mnual meeting of the American Societv 
for FUarmaeologv and Experimental Therapeutics, 
Ine , Atlantic Citv , March, 1946 

l Sollmann, T , 1 Manual of Pharmacology, Otli 
ed , Saunders, London, 1942 


are made, for there the virtues of camphor 
as an antipyretic are panegyrised Camphor 
was first used m China and brought to 
Europe by the Arabians 2 Its introduction 
as an antipyretic seems to have been based 
upon at least two properties, first that it has 
some antidiarrheic activity and secondly that 
spirit of camphor, applied to the skin, has 
a cooling effect There has been no recent 
work done to check these ancient concep- 
tions of the antipyretic value of camphor 

In the work described in this report, some 
500 animals, including albino rats, guinea 
pigs, rabbits and cats, were rendered febrile 
by the intramuscular injection of peptone 
(B D H ) in a dose of 1 g per kilo body 

2 Fluekiger, F A, and Hanhurv, D, Pharma- 
cographta, Macmillan London, 1879 
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The effect of phciuizone md of camphor upon 
peptone induced tea er in rabbits, 


weight In the first experiment, 66 rabbits 
were divided into 6 groups Rabbits in 3 
of the groups were injected with peptone 
while rabbits in the other 3 groups received 
no peptone Rectal temperatures were taken 
before the injection of peptone and at hourly 
intervals thereafter, the latter in all groups 
of animals Three hours after the injection 
of peptone, when fever was at its height, 
rabbits in one group were given an intra- 
muscular injection of camphor in oil at a 
dose of 100 mg per kilo body weight, at 
the same time the second group of febrile 
rabbits received phenazone B P , (antipvrme, 
U S P ) at a dose of 200 mg per kilo body 
weight, the third group of febrile rabbits 
received no further treatment and acted as 
controls The remaining 3 groups of afebrile 
rabbits, which received no peptone, were 
treated in a corresponding manner at the 
end of the third hour of the experiment, i e 
one "roup received phenazone, the second 
camphor and the third no further treatment 
There was no appreciable change, over the 
n „nod of 7 hours of the experiment, m the 
mean rectal temperature of rabbits receiving 


no peptone, no camphor and no phenazone 
Neither did phenazone nor camphor have 
any significant effect upon the mean rectal 
temperature of afebrile rabbits There were 
distinct changes in rectal temperature of rab- 
bits injected with peptone and the means of 
these have been plotted in Fig 1 The con- 
trol febrile rabbits developed a mean rectal 
temperature which varied between 103° F 
and 106° F The injection of phenazone 
rapidly reduced the febrile temperature to 
normal The injection of camphor, how- 
ever, had little effect upon febrile tempera- 
ture 

This experiment demonstrated that cam- 
phor, in the dose used, was not antipyretic 
under conditions in which phenazone had a 
marked antipyretic effect There was the 
possibility, however, that camphor might 
have been antipyretic m smaller or larger 
doses than that used To investigate this, 
a second experiment was performed m which 
6 groups of 12 rabbits each were given 
peptone and then respectively, 0, 1, 10, SO, 
100, and S00 mg per kilo body weight of 
camphor dissolved in oil and injected intra- 
muscularly In this entire series of animals, 
camphor had no consistent effect upon the 
febrile temperature 

Thus far, our experiments proved that 
camphor was not antipyretic when injected 
into rabbits with a fever induced by injec- 
tion of peptone We next considered the 
possibility that camphor might be antipyretic 
m other species of animals Accordingly, the 
technique used m the second experiment, 
just described, was applied to 72 albino rats, 
66 guinea pigs and 80 cats, each divided into 
6 groups, injected with peptone and the re- 
spective doses of camphor The 500 mg 
per kilo dose of camphor produced convul- 
sions m cats and was discontinued after 5 
trials In no instance was there any evi- 
dence that camphor had any appreciable 
antipyretic activity 

In these 3 experiments, camphor was not 
found to be antipyretic m animals with a 
fever induced by injecting peptone There 
was the possibility that it might be anti- 
pyretic towards fever induced by pyrogens 
other than peptone From time to time, we 
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had available animals with a natural fever 
due, usually, to infection and abscess forma- 
tion at the point where peptone had been 
injected This group of animals included 9 
rabbits, 6 guinea pigs, 8 albino rats and 6 
cats We made no systematic study of these 
but injected them with various doses of 
camphor m oil In the entire group of 29 
animals, 24 or 83% showed no change or 
increased fever after injecting camphor, in 
4 animals the temperature fell toward nor- 
mal and 1 animal died 

Finally, we considered the possibility that 
camphor given by stomach tube in the form 
of Spirit of Camphor, B P , might be anti- 
pyretic Si\ groups of 13 rabbits each were 
injected with peptone and 3 hours later given 
respectively 0, 0 01, 0 1, 0 S, 10, and 5 0 ml 
of Spirit of Camphor by stomach tube, washed 
down with water Again camphor failed to 
exhibit any antipyretic activity 


These 5 experiments convinced us that 
camphor has little or no antipyretic activity 
and that statements to the effect that the 
internal use of camphor is “supposed” or 
“considered” to have some antipyretic value 
should be deleted from textbooks, thus in. 
some measure, even though small, lightening 
the burden of information which the medical 
student, physician and pharmacologist have 
to learn 

Summary Camphor was administered 
parenterally and by stomach tube, m a wide 
range of doses, to some 500 animals, in- 
cluding albino rats, guinea pigs, rabbits and 
cats with a fever induced by previous injec- 
tion of peptone and, m a few instances, fever 
from infection Under these conditions, 
phenazone was found to be antipyretic m 
rabbits, but no evidence was obtained that 
camphor possessed antipyretic properties, at 
least to any marked degree 
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Blood Chemical Changes Following Intravenous Administration of a 
Casein Hydrolysate to Human Subjects * 

William S Hoffman, Donald D Kozoll,! and Bess Osgood 
From the Heltoen Institute, and the Departments of Surgery, Cool County Hospital 


and Northwestern University 

To determine the criteria for the proper 
administration of Parenamme, t one of the 
commercially available casein hydrolysates 
which are used parenterally, and as a part 
of an investigation of its clinical effective- 

’ Aided In a grant from Fredenck Stearns and 
Companj, Detioit, Mieli 

t Abbott Fellow m Surgerj, Noitliwestem Uni 
versitj Medical School 

} Kmdlj furnished bj Frederick Stearns and 
Compinj, Detroit, Midi Parenamme is an acid 
Indrohjsite of casein, fortified with 1% d, 1 
triptopliane It is put up m 15% solutions m 
bottles containing 100 cc The method of piepara 
tion of Parenuinine is essentiallj that described 
bj Salij un T An analysis of the distribution of 
the ammo acids m the pieparation has been re 
ported b) Block and Bolling S 


Medical School, Chicago, III 

ness, a study was made of some of the blood 
chemical changes that occurred when this 
preparation was injected intravenously The 
clinical studies have been reported elsewhere 1 

Forty-five g of Parenamme (equivalent to 
6 g of nitrogen) dissolved m 1000 cc of dis- 
tilled water were injected intravenously into 
30 hospital control subjects at a commonly 
used clinical speed of 300 to 350 cc per hour 
The injections were made in the morning, 
breakfast having been withheld Blood sam- 
ples were drawn at the beginning, middle 
and end of injections and at 1 and 2 hours 
after the injection was completed Plasma 
amino acid nitrogen concentrations were de- 

iKozoll, Donald D, Hoffman, William S, and 
Mej tr, K lrl A , J rch Surg , 1045, 51, 59 
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termined by the naphthoquinone method 
adapted to the photoelectric colorimeter by 
one of us (WSH), 2 inorganic phosphate 
photoelectrically by Fiske and Subbarow’s 
method, 3 urea by the method of Hoffman 
and Osgood' 1 and CO? combining power by 
the method of Van Slyhe, 5 and glucose by 
the method of Hoffman 9 
The results are summarized in Table I 
The initial plasma amino acid N levels 
ranged between 2 S and 8 4 mg per 100 cc 
averaging 5 I with a standard deviation of 
xl 5 These values are slightly higher than 
those obtained with the ninhydnn method 9 
The amino acid N levels rose during the in- 
jection reaching a maximum m the majority 
of cases in the middle of the injection, in the 
remainder at the end of the injection Thus 
the rate of removal of ammo acids from the 
blood stream eventually became faster than 
the IS g per hour of injection The average 
maximal rise was 4 9 mg per 100 cc At 
the end of 2 hours the amino acid N concen- 
tration had returned almost to the base level 
The ammo acid curves on the whole agreed 
with those found by Landesman and Wein- 
stein 10 for intravenous injection of Amigen 
The blood urea N concentration began to 
rise slowly during the injection reaching a 
maximal value in 11 cases at 1 hour after 
the injection, and m 8 cases at 2 hours after 
the injection The average maximal urea N 
concentration was 17 4 mg per 100 cc The 
highest maximal concentration was 27 1 mg 

- Hoffman William S, Am J Clin Path, 1945, 
15, 57 

" Fiske, C H , and Subbnrou , Y , J Biol Cliem , 
1925, 66, 375 

i Hoffm m, Willi irn S , and Osgood Bess, 1 Lab 
ami Clin J led , 1940, 25, 862 

'•Van Slake, D D J Biol Cliem 1917,30,347 
(> Hoffman, 11 ilium S, J Biol them, 1937, 
120, 51 

iS-ilnun, M, Proc Soc Exp Biol ixd Med, 
1911, -48, 14 

8 Block, R T and Bolling, D, J* J Pharm , 
1944 116, 36S 

n Woodruff, C W , and Mm, B B , J Biol 
Cliem , 1945, 157, 93 

in Laiidcstn m, E , and W emstein. A” A, S G 
and O , 1945, 75, 300 
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per 100 cc, this was in a patient whose 
initial level was 18 3 mg per 100 cc and 
who therefore may have had an early renal 
insufficiency With one other exception, the 
remaining subjects showed maximal urea con- 
centrations within the limits of normal such 
as might be found m patients on a high pro- 
tein diet Urea clearance determinations 
made in the successive intervals in 8 cases 
were too variable to indicate any direction 
of change, but at least they gave no clear 
evidence that the rise in blood urea concen- 
tration was due to a diminished rate of renal 
excretion 

A rather surprising finding was the drop 
in serum inorganic phosphate This decline 
was small, about 0 5 mg per 100 cc, but 
was statistically significant It occurred in 
all experiments, and the t value 11 for statistical 
significance of the difference between the 
average initial level and that at the middle 
of the injection was 2 9, a value above the 
2 S required to make it improbable that the 
decline was fortuitous The maximal de- 
cline occurred at the midpoint at the same 
time that the ammo acids were most rapidly 
leaving the blood stream 

Since Parenamme is furnished as an un- 
neutralized mixture of amino acids having 
a pH of about 4 2, it is important to de- 

11 Sncdecor, G W , Statistical Methods Applied 
to Lxpcn mentis m Agriculture and Biology , Col 
legtate Press, Inc , Ames, Io«a, 1937 


termine whether injections of this product 
produce any appreciable changes in CO 2 com- 
bining power The results summarized m 
Table I indicate that the fall in C0 2 com- 
bining power is negligible The range of 
maximal change was from +3 to — 11 cc 
per 100 cc with an average fall of 4 cc per 
100 cc In 8 out of 13 cases, the fall occurred 
at the end of the injection A return to the 
initial levels had occurred at 2 hours after 
the completion of the injection 
In 30 experiments listed m Table I, vomit- 
ing occurred m 2 cases at or near the end 
of the injection In both cases the amino 
acid N levels were over 11 mg per 100 cc 
Two other patients complained of nausea at 
a time when the ammo acid levels were 
over 10 mg per 100 cc In all 4 cases the 
rate of injection was somewhat faster than 
the average of 3 hours for the 1000 cc In 
5 additional cases not listed, injections were 
purposely made at fast rates ranging from 
90 to 120 minutes for the 1000 cc In 2 of 
these experiments, the maximal ammo acid 
N concentration was over 12 mg per 100 cc 
and were associated with a sense of fullness, 
nausea, and vomiting Thus it appears that 
if the plasma ammo acid N concentration 
rises considerably above 10 mg per 100 cc, 
there may be symptoms produced comparable 
to those m acute overeating It may be that 
the increase in concentration of a certain 
ammo acid, such as glutamic or aspartic acid 
is actually responsible for the symptoms’ 
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Amino acid tolerance curves obtained after 
oral ingestion of 45 g of Parenamme (in an- 
other stud}' from this laboratory 12 ) were 
similar to those after intravenous injection 
except that the average maximal rise was 
only 3 4 mg per 100 cc, the amino acid N 
level seldom rising above 10 mg per 100 cc 

Since glucose is frequently administered 
intravenously along with amino acids, it was 
found desirable to study the blood chemical 
changes when a liter of 4 5% solution was 
injected following the intravenous adminis- 
tration of a liter of 5% glucose There was 
no appreciable effect upon the various curves 
One such experiment is shown in Fig 1 
The glucose curve fell promptly to normal 
following the injection The serum phosphate 
level, depressed by the glucose injection was 

i- Iloffnnu, illinm S, nut Djmeniez, H, 
GnAunntcraloov, in piess 


further lowered by the amino acid injection, 
reaching in one case the low level of 1 5 
mg per 100 cc The rise to normal levels 
w'as rapid 

Smnmaty Injection of 45 g of Parenamme 
intravenously at slow speeds produced an 
average plasma ammo acid N rise of -f-4 9 
mg per 100 cc during the injection with a 
return to normal in 2 hours Rises to levels 
above 10 mg per 100 cc produced by rapid 
injection may be associated with nausea and 
vomiting A progressive though slight rise 
in blood urea takes place during and after 
the injection, accompanied by increased urea 
excretion Serum inorganic phosphate is 
lowered during the injection and returns to 
normal by the end of the injection Only 
a negligible drop in CO* combining power 
occurred during the injection Intravenously 
injected glucose did not alter the curves pro- 
duced by the amino acid injection 
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Bernhard Zondek, and Rivka Black 
From the Gynccolomc Obstetric Depot tment, Rothschild Hadassah Umvcisity Hospital, 
and the Hormone Research Laboratoiy, Hebrew Umvcisitj/, Jcnisalcm, Palestine 


Much investigation has been devoted to the 
question of whether normal urine is toxic 
It has been suggested that the increase of a 
toxic urine constituent is associated with 
disturbance of renal function (eg uremia, 
eclampsia) Aschheim and Zondek, how- 
ever, in developing the hormonal pregnancy 
test concluded that human urine is non- 
toxic for the mouse, since injections of very 
large doses of human urine are tolerated by 
this animal 

Rachnnlewitz 1 on the basis of experiments 
with fibroblast cultures in vitro concluded 
that human urine, native as well as dialyzed, 
glint f,om t!le EIla 


siclis Plotz Foundation 

l Hwlinulewitz, M, Proc Soc Exr Biol Aim 
Med , 1940, 43, 497, Arch Int Med, 1941, 0-, 
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contains, even in a dilution of 1 50, a power- 
ful toxic substance which inhibits the growth 
and brings about the degeneration of cells 
Uremic and norma] urine were found to 
contain this toxic substance in about equal 
amounts 1 It is, however, uncertain whether 
results of experiments carried out in vitro 
can be applied also m vivo, especially where 
toxicity is m question, since a cell (fibroblast) 
m vitio may lack detoxication potentialities 
w’hich characterize the intact organism Many 
substances w'hose toxic effect in vitio is no- 
torious (e g para-chloro-xylenol 2 and many 
others) are completely non-toxic m vivo Al- 
though dialyzed human urine inhibits the 
grow'th of fibroblasts in vitro 1 we found that 
it has no toxic action on a surviving frog 

2 Zondek, B, Mature, 1942, 140, 334, J Urol, 
1942, 78, 747 
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TABLE I 


Amounts 

of Normal Human 

Unne Tolerated Without 
Animal Species 

Toxic Reaction bx Different 

Animal 

Wt 

ec of unne and 
distribution of dose 

Route of 

infection 

Hnne 
bodj wt 

mice 

log 

0X04 = 24 

s c 

2 4 1 

7 5 3 


10 ” 

30 (as 3 cc of dialyzed 
and cone unne) 

>) 

30 

10 ~ 

rats 

30 ” 

90 X 1 = 90 

J 1 

90 

30 

1 1 

100 ” 

30 X 10 = 300 

> J 

300 

=3 

100 

rabbit 

1500 ” 

9 X 10 = 90 

1 


5 > 

1000 ” 

230 (as 20 cc of dia- 
lyzed and cone urine) 

) > 

250 1 

1000 ~~ 4 

dog 

15 kg 

160 

J i 



heart (Straub preparation) Native human 
urine added to the surviving frog heart caused 
immediate cessation of the heart beat (hyper- 
tonic salt content) Urine was dialyzed and 
after 5- fold concentration, rendered isotonic 
with NaCl This preparation was entirely 
without toxic effect on the surviving heart 
The experiment shows that though dialyzed 
urine may contain a constituent which is 
tn vitro toxic to fibroblasts, such urine even 
m 5-fold concentration in vivo is non-to\ic 
not only m respect to the intact organism 
but even in respect to a surviving organ 

In further experiments toleration of nor- 
mal urine by different species was studied 

A dog weighing 15 kg received intravenous- 
ly 160 cc of native human urine with no un- 
desirable bj r -effect 

An adult rabbit received intravenous in- 
jections of 90 cc of native urine in 9 doses 
of 10 cc each given at intervals of 1 hour 
The animal showed no toxic response Rab- 
bits neighing 1 kg were injected intravenously 
with 20 cc of dialyzed urine concentrates, 
the equivalents of 100-250 cc of native 
urine These injections elicited no toxic 
after-effect 

Infantile rats (30 g) were given daily in- 


jections of 1 cc of native human urine for 
3 months, <e, a total of 90 cc The onset 
of sexual maturity was not affected by this 
protracted treatment with urine Rats 
weighing 100 g received daily an injection 
of 10 cc of native human urine for 1 month, 
a total of 300 cc of urine Nevertheless, 
a pregnant animal in this group produced a 
normal litter 

Urines were dialyzed and concentrated up 
to 10-fold m vacuo Three cc samples of the 
concentrates were injected into mice weigh- 
ing 10 g in 3 injections dunng 8 hours 
The mice showed no toxic reaction to these 
injections, the equivalent of up to 3 times 
the body weight 

Our experiments show that animals tolerate 
normal human urine about as well as they 
do physiological saline (Table I) 

Urine has been administered for therapeutic 
purposes to man m recent years both intra- 
muscularly, rec tally and orally Ovarian 
dysfunction has been treated by intramus- 
cular injections of native pregnancy urine, 
which is rich m gonadotropic and estrogenic 
hormone In these cases, daily injections of 
10-20 cc of pregnancy urine over a period 
of several weeks elicited no toxic effect R U s- 
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Amino acid toleiance curves obtained after 
oral ingestion of 45 g of Parenamine (in an- 
other study from this laboratory 12 ) were 
similar to those after intravenous injection 
except that the average maximal rise was 
only 3 4 mg per 100 cc, the amino acid N 
lex el seldom rising above 10 mg per 100 cc 

Since glucose is frequently administered 
intravenously along with amino acids, it was 
found desirable to study the blood chemical 
changes when a liter of 4 5% solution was 
injected following the intravenous adminis- 
tration of a liter of 5% glucose There w’as 
no appreciable effect upon the various curves 
One such experiment is shown in Fig I 
The glucose curve fell promptly to normal 
following the injection The serum phosphate 
level, depressed by the glucose injection was 

i- Iloffmm, William S and Dymewicz, II, 
Goshncntcroloov, in press 


further lowered by the ammo acid injection, 
reaching in one case the low' level of I 5 
mg per 100 cc The rise to normal levels 
was rapid 

Sumntaty Injection of 45 g of Parenamine 
intravenously at slow 7 speeds produced an 
average plasma amino acid N rise of +4 9 
mg per 100 cc during the injection with a 
return to normal m 2 hours Rises to levels 
above 10 mg per 100 cc produced by rapid 
injection may be associated with nausea and 
vomiting \ progressive though slight rise 
in blood urea takes place during and after 
the injection, accompanied by increased urea 
excretion Serum inorganic phosphate is 
lowered during the injection and returns to 
normal by' the end of the injection Only 
a negligible drop in CO; combining power 
occurred during the injection Intravenously 
injected glucose did not alter the curves pro- 
duced by the amino acid injection 
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Bernhard Zondek, and Rivica Black 
From the Gynecologic Obstctnc Dipat tment, Rothschild Hadassali Umvcisity Hospital, 
and the Hormone licscaich Laboratory, Hebrew Umvcisity, Jerusalem, Palestine 


Much investigation has been devoted to the 
question of whethei normal urine is toxic 
It has been suggested that the increase of a 
toxic urine constituent is associated with 
disturbance of renal function (eg uremia, 
eclampsia) Aschheim and Zondek, how- 
ever, in developing the hormonal pregnancy 
test concluded that human urine is non- 
toxic for the mouse, since injections of very 
large doses of human urine are tolerated by 
this animal 

Rachmilewitz 1 on the basis of experiments 
wuth fibroblast cultures m vitro concluded 
that human urine, native as wel l as d ialyzed, 


bj » g>' ln t from the B1!a 

S Kills plotz Foundation 

1 Bacliniileivitz, M, Pkoc Soc Ext Biol 
Med, 1940, 43, 497, Arch Int Had, 1941, O., 
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contains, even in a dilution of 1 50, a power- 
ful toxic substance which inhibits the growth 
and brings about the degeneration of cells 
Uremic and normal urine were found to 
contain this toxic substance m about equal 
amounts 1 It is, however, uncertain whether 
results of experiments carried out tn vitro 
can be applied also m vivo, especially where 
toxicity is m question, since a cell (fibroblast) 
m vitio may lack detoxication potentialities 
which characterize the intact organism Many 
substances whose toxic effect in vitro is no- 
torious (e g para-chloro-xylenol 2 and many 
others) are completely non-toxic in vivo Al- 
though dialyzed human urine inhibits the 
growth of fibroblasts in vitro 1 w r e found that 
it has no toxic action on a surviving frog 

2 Zondek, B, Nature, 1942, 149, 334, J Vrol, 
1942, 78, 747 
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A Chick Embryo Technic for Intravenous and Chemotherapeutic Studies * 

Henry F Lee, Abram B Stavitsra, and Margaret P Lee 
(Introduced by Werner Henle ) 

From the School of Medicine, Department of Pediatrics, University of Pennsylvania 
anil the Children’s Hospital of Philadelphia 

The chick embryo has become increasingly Woodruff and Goodpasture modified Clark’s 


valuable in investigative work and in the 
production of certain biologic materials Up 
to the present time no less than 20 viruses 
have been propagated by its use Man}' of 
the bacteria, certain rickettsias, leptospira 
icterohemorrhagica, and a growing number 
of types of tissue cells, both benign and 
malignant, have been studied m the embryo 
or upon its membranes Several recent studies 
have dealt with chemotherapeutic testing as 
applied to experimentally infected embryos 
None of these papers has given detailed 
quantitative information concerning levels at- 
tained by therapeutic agents in the blood and 
extraembryomc fluids 1-3 In the course of 
the above types of studies many technics 
have been devised 

Rous and Murphy were the first to use 
the chorio-allantoic membrane for the study 
of transplanted tumor fragments They were 
also the first to use the chick embryo in 
the study of an infectious agent, the virus 
of the Rous Sarcoma 0 
The majority of studies involving the ex- 
posed chorio-allantoic membrane as a site 
of inoculation have made use of a method 
of opening eggs first described by Clark 7 

* These studies Here supported b} a grant from 
the Hej den Chemical Comp-ui} 

i Bang, P B , and Bang, B , Proc Soc Exp 
B iot, and Med, 1941, 40, 527 

- Morrow, G, rad Berr}, G P, J Bad, 1938, 
.10, 280 

3 Ransmeicr, J C,J Infect Bis , 1943, 72, 77 
4 Veil, A J, and Gall, L S , J Infect Dis , 
1941, 00, 97 

’ Parker, B P , and Diefendorf, H IV , Proc 
S oc E\p Bior, and Med, 1944, 57, 351 
0 Eons, P , and Murphy, J B , J A M A , 1911, 
50, 74 

7 Clark, E B , Science, 1920, 51, 371 


technic 8 Later Goodpasture and Buddingh 
described improvements and their technic, 
with slight variations, has been used by many 
laboratories 0 The technic described by Bur- 
net involving the production of an artificial 
air sac has also found wide use for inoculation 
of the chorio-allantoic membrane and for 
infection by the amniotic route 10 Taylor and 
Chialvo reported a simplification of Burnet’s 
method which they found particularly valua- 
ble for mtraamniotic injections 11 A method 
for intravenous inoculation of the embryo 
was described by Eichorn 12 Many modi- 
fications of the above technics have been 
devised 

Each of the technics mentioned is satis- 
factory for certain purposes However m the 
course of experiments concerned with the 
chemotherapy of bacterial infections produced 
m chick embryos by intravenous inoculation, t 
it became apparent that no method previously 
described was entirely satisfactory A method 
was required that would permit intravenous 
inoculation of the embryo as well as accurate 
injection into or aspiration from any or all 
of the extraembryomc sacs at the same or at 
separate times It was also necessary that 
the method permit later sampling of the blood 
The method here reported permits all of the 
above procedures as well as placement of 

8 Woodruff, A M , and Goodpasture, E W , 
Am J Path , 1931, 7, 209 

9 Goodpasture, E tV , and Buddingli, G J , 
Am J Hi w , 1935, 21, 319 

10 Burnet, P M , Brit J hxp Path , 1940, 21, 
147 

11 Tailor, B M , and Cluaho, B J , Proc Soc 
Exp Biol and Med , 1942, 51, 328 

12 Eichorn, E A , Science, 1940, 92, 245 

t To he reported separately 
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sian authors have recommended treatment 
of severe uterine bleeding during puberty 
bj a rectal drip infusion of several liters of 
native pregnancy urine The experience of 
our clinic has corroborated the non-toxicity 
of this treatment It may be mentioned also 
that Atcheson, 3 in order to save penicillin, 
administered urine of penicillin-treated pa- 
tients to cases of chronic gonorrhea via a 
duodenal tube with good results 
The conclusion follows from the above find- 
ings that normal human urine is non-toxic 
in vivo for animals or man 1 

Does Ethei “Detoxicate” Urine? At the 
time of development of the pregnancy test, 
it nas found that l c /o of urine samples were 
unsuitable for examination by the method 
proposed at that time, because their injection 
into the mouse caused death, mostly within 
24 hours Zondek 4 reported that “toxic” 
urines of this type become innocuous to mice 
if they are first shaken with ether This ob- 
servation has since been confirmed by numer- 
ous workers Experiments which are re- 
ported below show that the ether treatment 
is effective not because it extracts a specific 
toxic constituent but because it frees the 
urine from microorganisms which contaminate 
it during the passage over the vulva 

1 An ether extract of “toxic” urine was 
taken up m oil and injected into mice It 
proved completely non-toxic 

Chemical restitution of the extracted urine 


3 Atclieson, D XV , Military Surgeon, 1944, 95, 
58 

t Urine nnj , of course, contun toxic materials, 
either drugs oi lioimones, "if ter medication, but 
such urines cannot be looked upon ns norm'll urines 
•l Zondek, B, Khn TV schr , 1930, 9, 904 


by the re-addition of the ether extract failed 
to restitute toxicity 

Addition of the ether extract to non-toxic 
urine from another source did not render 
the latter toxic 

2 Ether had a bacteriostatic or a bac- 
tericidal effect on the bacterial flora of the 
urine When ether-treated urine which had 
been allowed to stand at 37° C for 24 hours 
remained sterile, it proved also to be non- 
toxic On the other hand, when develop- 
ment of bacteria occurred m the extracted 
urine sample during the period of the in- 
cubation, the original toxicity of the urine 
was found to have reverted Proteus bac- 
teria could be isolated from the heart blood 
of mice which had died following an injec- 
tion of a “toxic” urine sample Injection 
into the mouse of 1 cc of a broth culture of 
the isolated Proteus strain caused death 

3 In all cases, “toxic” urine could be ren- 
dered innocuous to the mouse by boiling 

4 Urine was taken by means of a catheter 
from patients whose urine had proved toxic 
when it had been taken m the ordinary way 
It proved to be non-toxic when it was taken 
by catheter 

Conclusion Tolerance tests for urine on a 
surviving organ (frog heart), and on dif- 
ferent species of laboratory animals as well 
as clinical findings in man prove that human 
urine is not toxic The delayed fatal effects 
which follow the injection of certain urine 
specimens (7%) into animals are due to 
infections Ether treatment renders such 
urme specimens innocuous not because it 
removes a toxic substance from the urme but 
because it is bacteriostatic or bactericidal 

Our tilings ore due to Dr Damelo Weber for 
l> ictenologicol tests 
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TABLE III 

Survnals After Opening Shell, Exposing Chono allantoic Membrane and Sealing w lth Scotch 
Tape for the Bemqindei of Incubation Three Separate Groups of Eggs 


Bays age 

Untouched controls 

Opened group 1 

) j )j o 

10 

IS 

18 

18 

18 

15 

18 

18 

18 

18 

17 

18 
18 
16 
18 

20 

18 

18 

16 

18 

TABLE III A 

Same as Table III Plus Injection of 1 cc of Saline Into the Yolk, 

and Into the Allantoic Fluid 

Into 

the Ammotic Fluid, 

Days age 

10 

15 

17 

20 

Untouched controls 

18 

18 

18 

18 

Opened No injection 

18 

17 

16 

16 

’ ’ Injected 

18 

16 

15 

15 


TABLE IV 


Intravenous Infection 

Survival Bates with 05 ce Saline as Inoculum Inaction Time Approximatelv 5 Seconds 
All Control Groups Opened, Membrane Exposed, Sealed 



sr 

11 

Age in Bajs 

12 15 

18 

20 

Controls 

18 

18 

18 

18 

18 

18 

Large vessels, no hemostasis 

48 

21 

21 

18 

17 

17 

Controls 

18 


16 

16 

16 

16 

Fine vessels selected 

18 


12 

11 

9 

9 

Controls 

18 


18 

18 

18 

18 

Fine vessels selected 

18 


15 

14 

13 

13 

Controls 


18 

18 

18 

18 

18 

Fine vessels selected 


18 


15 

15 

15 

Controls 


18 


16 

16 

16 

Fine vessels selected 


18 


14 

12 

12 

Yessel entered with needle 







but no injection 


18 


15 

14 

14 


of the membrane The collection of blood 
is difficult before the ninth day of incubation 
The open end of the egg is then sealed with 
3 layers of transparent Scotch tape The 
triple layer is used since it permits the 
closest approximation to normal water-loss 
during the remainder of the incubation period 
as determined by loss of weight (Table I ) 
Substances may later be applied to the chorio- 
allantoic membrane by simply passing a fine 
needle through the Scotch tape At any 
time the tape may be partially or completely 
removed for further work The tape should 
be applied in such lengths that it extends 
down over the egg for approximately y 2 inch 
Intravenous Injection Embryos show in- 
dividual variations of the pattern of veins 
m the exposed chono-allantoic membrane 
Usually there are several venous branches 
available for injection In an occasional egg 


no suitable vessels are present in this area 
The usual situation is to find one large 
allantoic vein with two or more tributaries 
Very small vessels may be entered with a 
No 27 needle provided its point is perfectly 
sharp and its shaft smooth It is preferable 
to use the tributaries and not the mam vessel 
since less bleeding results upon withdrawing 
the needle When a large vessel is used it 
is possible to control the bleeding by the 
use of very small “serrefine” hemostats The 
open jaws of these small spring-activated 
hemostats are slipped onto the vessel just 
as the needle is withdrawn and the hemostat 
is held in place for 15-20 seconds before 
removal Hemostasis is complete An in- 
crease in mortality results from this clamping 
procedure but this increase is not regularly 
predictable This step is not necessary if 
the small vessels are chosen for injection 
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TABLE I 

Average Water Loss (g) 10th Through 20th Daj of Incub ition Each figure Is 
Avenge of 12 Eg gs 

Opened, membrane 
exposed, single layer 

Unopened eggs Scotch tape Ditto double la ,er Ditto triple lajer 
Wt loss mg 40 77 51 4G 


TABLE II 

Volume of Blood (ce) Obtained from Embrjos of Various Ages 

Age in Dajs 


Embrj o 


No 

10 

11 

12 

13 

15 

17 

18 

1 

08 

20 

23 

26 

30 

39 

70 

o 

05 

18 


20 

32 

42 

70 

3 

10 

23 


31 

33 

40 

50 

4 

09 

20 


31 

29 

33 

60 

5 

12 

28 


20 

36 

43 

65 

G 

12 

10 

24 

34 

36 

43 

75 

Avg 

09 

19 


28 

32 

39 

65 


material upon the exposed chorio-allantoic 
membrane 

Technic Eggs of the selected mcubation- 
age are candled and the air sac margin is 
marked with a pencil For intravenous work 
the embryo should be of at least 10 days 
incubation The shell along the air sac mar- 
gin is wiped off with 70% alcohol When 
many eggs are handled a squat, wide-mouthed 
bottle filled with 70% alcohol with a pad 
of cotton over its mouth facilitates this step 
The cotton is allowed to project into the al- 
cohol-bearing cotton The shell over the air 
sac is removed by cutting just distal to the 
pencil line with a thin carborundum disc 
rotating at high speed The motor is fixed 
in a vise and the egg rotated in contact with 
the cutting disc With a little practice this 
“decapping” procedure can be done very 
rapidly It is possible to remove the shell 
cap entirely or to leave it attached by par- 
tially cut shell so that it serves temporarily 
as a cover against air-borne dust If the cap 
has been left attached it is easily removed 
with cover-slip forceps The egg is inverted 
and tapped lightly to remove shell dust from 
the surface of the reflected portion of the 
shell membrane The rest of the work re- 
quires a satisfactory egg-holder A low wide- 
mouthed bottle with its open end covered 
with cotton moistened with 70% alcohol is 


ideal for this purpose The cotton supports 
the egg firmly but permits instant adjust- 
ment of position Good lighting is also im- 
portant A light source in front of the op- 
erator has been found best, provided that 
a piece of Polaroid is placed between the 
light source and the egg The Polaroid 
serves to eliminate glare from the moist mem- 
brane surfaces 

As recommended by Burnet m his descrip- 
tion of a side-window technic about 0 1 cc 
of sterile saline solution is placed over a 
slight nick made in the shell membrane over- 
lying the chorio-allantoic membrane The 
nick is made with the fine needle which 
deposits the saline The saline solution serves 
to initiate separation of the shell membrane 
from the underlying chorio-allantoic mem- 
brane In the presence of this saline the 
shell membrane may then be gently picked 
up with fine-pointed forceps and stripped off 
with no resultant capillary bleeding The 
entire surface of the chorio-allantoic mem- 
brane lying under the air sac may be exposed 
or as much of this area as is desired for 
the particular work being done Injection 
intravenously, into the ammotic fluid, into 
the allantoic fluid, or into the yolk sac, may 
then be made under full visibility Blood or 
extra-embryonic fluids may be collected or 
materials may be deposited upon the surface 
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up and torn in this area The allantoic 
vein is grasped with forceps and a No 25 
needle is inserted The needle is advanced 
into the vein for approximately one-quarter 
inch The forceps may then be removed 
and blood gently aspirated The amount of 
blood obtainable from the embryos of vari- 
ous ages is shown in Table II 

Chick embryos are notably resistant to ac- 
cidental infection, and it has been the ex- 
perience of others that it is possible to work 
in an open room without any special pre- 
caution against air-borne contamination The 
studies here recorded were carried out as 
aseptically as possible under a hood Occa- 
sional contamination occurs under the best 
of conditions 

Advantages oj the Technic The principal 
advantages of the technic may be summarized 
as follows 

1 Opening and sealing of eggs is relatively 
rapid 

2 Adequate exposure is obtained for se- 
lective or combined intravenous, intra-yolk, 
intra-amniotic or intra-allantoic injection or 
aspiration 

3 All structures are clearly visible, thereby 
assuring accuracy of placement of injected 
materials 

4 The same egg may be used for later 
bleeding and/or sampling of the extra-em- 
bryonic fluids 

5 Embryo and membranes remain visible 
during incubation Candling is unnecessary 
since death of the embryo is immediately 


apparent through the large transparent win- 
dow 

6 The feasibility of selecting very small 
allantoic venous tributaries for intravenous 
injection minimizes bleeding 

Mortality jrom Procedure When using 
embryos of 10 days incubation or more the 
mortality resulting from opening the shell 
and exposing the chorio-allantoic membrane 
is negligible (Table III) Injection of 
sterile saline solution into the ammotic, al- 
lantoic, or yolk sac does not increase the 
mortality (Table III, A) 

Following intravenous injection of sterile 
saline solution the mortality rises sharply 
when using 10-day embryos With the use 
of 11-day embryos the survival rate improves 
somewhat (Table IV) Volume of injec- 
tion, within limits, is more important than 
rate of injection (Table V) In addition 
to the data given in these tables, a series 
of experiments involving controls receiving 
intravenous saline solution has demonstrated 
a uniformly higher survival rate when 11-day- 
old embryos are used as compared to 10-day- 
old embryos This age factor is important 
principally in regard to intravenous work 
For other types of work, survivals are ex- 
cellent with embryos 5 days of age and up 

Quantitative Studies oj Compounds Ad- 
ministered to Chick Embryos Although the 
chick embryo is being used for pilot testing 
of compounds for possible chemotherapeutic 
value, there are few data available concern- 
ing the distribution of such compounds after 
their placement within the egg It has been 
shown that certain sulfonamides are rapidly 
distributed through the egg but reports are 
chiefly qualitative 234 Depending upon the 
route of inoculation and upon the conditions 
of a given experiment, information concerning 
levels attained in yolk, ammotic, and al- 
lantoic fluid may be of value Experimental 
infection of the embryo itself may be pro- 
duced by intravenous inoculation Under 
such circumstances a knowledge of blood 
levels reached by chemotherapeutic compounds 
makes possible a more definitive interpreta- 
tion of results 

Two compounds were chosen for quantita- 
tive studies One, sulfathiazole (2-(p-ammo- 
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TABLE V 

Intmenous Injection of Saline Effect of Volume ind Rite of Injection 


Days old 

10 

11 

12 13 

14 15 16 17 IS 

19 

20 




A Effect of Rate of Injection 



Controls 

18 


10 

16 

16 

16 

05 cc in 2 sec approx 

18 


9 

9 

9 

a 

05 cc m 5 see approx 

18 


12 

11 

9 

9 

05 cc in GO sec approx 

18 


11 

11 

8 

8 



B 

Effect of Volume of Injection 



Controls 

18 


18 

18 

18 


05 cc in 5 sec approx 

18 


15 

14 

13 


1 cc in 5 sec approx 

18 


9 

4 

3 


2 cc in 5 sec approx 

18 


3 

1 

1 



TABLE VI 


Compound 

No of 
embrj os 

Dose in mg per 100 g 
of egg u t 

% survival* 
after 9 days 

Bronnn 

18 

GO 

0 


18 

50 

50 


18 

40 

80 


18 

30 

100 

Sulfathnzole 

18 

20 

50 


18 

15 

84 


18 

10 

100 

Promizole 

12 

o . 

0 


12 

3 

75 


12 

2 

92 

3,3' dimcthjl 4,4' dnminodiphenyl 

12 

i 

100 

sulfone 

12 

5 

0 

' 

12 

2 

75 


12 

i 

100 

3 metlij 1 4,4' diammodiphem 1 sulfone 

12 

5 

0 


12 

2 

59 


12 

i 

81 


12 

5 

100 

Dnmino chphenjl sulfone 

12 

5 

0 

12 

25 

0 


12 

1 5 

46 


12 

1 

83 


12 

5 

92 


In all cases above compounds were injected into yolk sac on tlie 10th drt of incubation 
Regardless of route of administration it was found that comparative tovicitv remained the 
same 

* All figures are corrected for moitahtj of controls 


Quarter cc tuberculin syringes and JS4 inch 
No 27 needles have been found most suitable t 
Collection of Blood Samples Bleeding is 
accomplished by one of two methods If it 
1S desired to obtain more than one sample 
from an embryo one of the branches of the 
allantoic vein must be used A citrated 


} Results obtained by the use of this method for 
intravenous inoculation uitl. suspensions of tuber 
ele bacilli mil be the subject of a separate report 


1 5 cc syringe and a No 25 needle is suitable 
When withdrawing blood after entering the 
vein, very gentle intermittent traction on the 
syringe plunger is employed When it is 
desirable to obtain as large a blood specimen 
as possible, it is best to use the large mam 
trunk of the allantoic vein as it proceeds 
toward the embryo m a fold of membrane 
An avascular area of the chono-allantoic 
membrane is selected With tuo pairs of fine 
pointed forceps the membrane is picked 
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Relationship of Quantitative Levels Attained bq 
Compounds When Administered bq MEMBRANE SURFACE 
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other fluids were done and suffice to give 
an indication of the distribution of the com- 
pounds A total of 850 quantitative de- 
terminations were made Studies with low 
doses and with toxic doses are omitted from 
the tables Determinations were made by 
the Proom modification of the Marshall 
method 13 

In all cases the figures represent single 
specimens from individual embryos and not 
serial specimens from the same embryo It 
is possible, however, when such data is needed, 
to obtain at least 3 blood specimens at in- 
tervals from an individual embryo 

The few streptomycin determinations that 
have been completed indicate that this sub- 
stance is present in the blood in a concentra- 
tion of 6 to 10 units per cc of blood 12 hours 
after the placement of 1000 units on the 
surface of the chono-allantoic membrane 
Higher levels over longer periods are main- 
tained in the allantoic fluid 

Discussion Despite its limitations, which 
must be clearly recognized, the chick embryo 
is a valuable laboratory aid for screening 
procedures m chemotherapeutic research It 
presents both simple (membrane mesenchyme) 

13 Proom, H , Lancet, 1938, 1, 260 


and highly complex tissues for study Be- 
cause of its immunologic status it is adaptable 
to certain bacteriologic problems wherein tis- 
sues are needed which are, so far as has been 
ascertained, free from antibody and sensitiza- 
tion phenomena Within the egg one may 
study infection in the presence of living 
parenchymatous organs with their enzyme 
systems and metabolic processes intact Na- 
turally occurring infection of any sort m the 
chick embryo is a rare occurrence A large 
number of embryos may be maintained m 
scarcely more space than is required for 
tissue culture studies It is believed that 
the technic here presented may serve to 
facilitate such investigations as may make 
use of the chick embryo 

Summary A chick embryo technic is de- 
scribed which possesses certain advantages 
over reported methods The technic is ap- 
plicable to many types of investigation 
Quantitative data are presented on the dis- 
tribution of sulfathiazole and promm within 
the fertile egg $ 

5 This work was carried out in laboratory space 
pronded by The Henry Phipps Institute of the 
Unn ersitj of Pennsyliama 
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benzenesulphonamido ) thiazole) , is a rela- promin, sulfathiazole, and 4 other compounds 
tively insoluble sulfonamide while the other, are given m Table VI For these toxicity 
Promin, (sodium p-p' diaminodiphenylsulfone studies the compounds were injected into the 
N-N' didextrose sulfonate) , is a highly soluble yolk sac on the 10th day of incubation 
sulfone In addition a few streptomycin Toxicity was determined in terms of embryo 
assays have been completed survival to the 20th day of incubation The 

Methods The technic described above was figures are corrected for the mortality of 
used throughout The compounds were ad- controls from the same group of eggs The 
ministered as a 5% solution m the case of controls were handled exactly as the test 
Promin or as a 5% suspension of micro- embryos except that no material was injected 
crystals in the case of sulfathiazole Dosage Eighteen embryos were used for each dosage 
was computed in terms of milligrams per 100 group for the promm and sulfathiazole, while 
g of egg weight Although the weight of in the case of the other compounds 12 were 
the eggs used varied from 48 to 64 g, the used for each group 

dosage was computed on the basis of the On the basis of these toxicity studies 
uniform egg weight of 55 g This introduces dosages of the 2 compounds were selected for 
an error in dosage not exceeding 15% All quantitative studies The following graphs 
possible routes of administration were tested reveal the results obtained All figures rep- 
Toxicitv studies were carried out first resent milligrams per 100 cc of fluid or blood 
Maximum tolerated doses by the yolk sac Although the emphasis was placed upon blood 
route were determined The findings for levels, a number of determinations m the 
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FIVE DAY PERIODS OF NO-CONVULSIONS(N) OR OF DAILY CONVULSIONS(c) 


Fig 1 

Actmtj records of 6 female rats In periods 1, 3, 5, 7, 8, and 9 the 
usual conditions for rats in actmtj drums prevailed, whereas, in periods 
2, 4, and 0 the lats lecened one electro com ulsi\ e shock each daj Each 
rat’s number is gn on on the left and right ordinate 


sive shock Eventually, however, a dis- 
turbance of estrus might have been a con- 
tributing factor Further studies on this and 
other aspects of the problem are m progress 
Conclusion Electro-convulsive shocks in 
6 female rats greatly reduced the amount 
of their voluntary activity for a short period 


of time The major change appears within 
the first 24 hours and disappears within 48 
hours after the last convulsive shock is ad- 
ministered Within a 2-week period follow- 
ing their last convulsion the majority of the 
animals closely approximated their pre-shock 
levels of daily activity 


15256 

Changes in the Hydrogen Ion Concentration of Healing Fractures 

Orvar Swenson and C Lloyd Claff (Introduced by E C Cutler ) 
From the Laboratory for Surgical Research, Harvard Medical School, Boston, Mass 


The repair process involved m fracture 
healing is of great interest both from the- 
oretical and practical standpoints Repair 
of bone differs from soft tissue repair, in 


that the process involves calcification and 
ossification The morphological changes in 
fracture repair are well established and have 
recently been reviewed by Urist and Me- 
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Effects of Electro-Convulsive Shocks on Daily Activity of Albino Rats in 

Revolving Drums 

Calvin P Stone 

From the Department of Psychology, Stanford University 


Exploratory activity and rate of locomotion 
of rats in mazes and other learning situations 
falls off sharply if they are subjected to a 
series of electro-convulsive shocks 1,2 Their 
performances are characterized by delays in 
starting, frequent pauses, and lethargic move- 
ments These observations suggest the de- 
sirability of further study of the voluntary 
activity of rats in non-learning situations such, 
for example, as the Slonaker-type of revolv- 
ing drums A preliminary study was under- 
taken with 6 adult females 


For the first 3 weeks no convulsive shocks 
were administered During this time the ani- 
mals had established characteristic trends of 
daily activity which, although variable from 
day to day, nevertheless seemed sufficiently 
stable to enable one to detect sudden devia- 
tions of large magnitude At the beginning 
of the fourth week each rat received a con- 
vulsive shock daily for S days This was 
followed by 5 days without shock, 5 days 
with daily shock, and so on, for 3 alternat- 
ing periods of shock and no-shock, plus 2 
additional post-shock periods 

To cause the convulsion, a 70-volt alter- 
nating current was applied to the rat’s scalp 
over the forebram for approximately 2 second 
through alligator-clip electrodes The elec- 
trodes were fastened on the dorsal scalp ap- 
proximately 6 mm apart and 1 cm behind 
an imaginary line between the eyes The 
scalp was moistened with a salt solution where 
the clips were attached Each convulsion 
had the characteristic features of a grand 
mal seizure, starting with vigorous tonic con- 
tractions and passing into the clonic phase 
after about 10 seconds The total seizure 
lasted between 20 and 30 seconds Imme- 
diately after the convulsion was over most 


1 Stunbrook, E J , / > 194 “’ 13 ’ 337 

2 Siegel, PS,/ Compar Psychol , 1943, 30, 01 


of the animals were hyposensitive to mild 
external stimuli for from 2 to 3 minutes 
Then followed a short period of hypersensi- 
tivity, ushered in by startle reactions or mill- 
ing about the cage when lightly stimulated 
hy the experimenter or a cage mate Occa- 
sionally during the hypersensitive stage an 
animal would attempt to bite the hand of the 
experimenter The animals were replaced in 
the activity drum immediately after their 
shocks where they were free to sleep or to 
rotate the drum Only one animal (No 1) 
regularly revolved the drum soon after the 
convulsion, this occurring while she was in 
the hypersensitive stage 
In Fig 1 are given the mean numbers of 
revolutions made by each animal during nine 
successive S-day periods The characteristic 
level of each rat’s activity just prior to the 
first series of convulsions is shown m period 1 
In periods 2 to 7 appear the means for al- 
ternating periods of shock and nr-shock 
Periods 8 and 9 show the gradual return to 
the pre-shock level of activity on the part 
of most of the rats 

As is apparent, the rats were much less 
active during the shock periods than during 
the no-shock periods Reduction began in 
the first 24 hours after a convulsive shock 
and disappeared during the second day be- 
yond the last shock Rat No 4, a relatively 
inactive animal, was an exception to this 
generalization, however It ceased running 
almost altogether after its first period of 
electro-shocks and did not again become active 
during the 2 weeks beyond the last convulsion 
In this preliminary study we did not at- 
tempt to correlate changes in activity with 
possible disturbances of the estrus cycles 
Nevertheless, the suddenness with which ac- 
tivity w'as depressed by the first convulsion 
clearly suggests that the primary reduction 
was due to some direct effect of the convul- 
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tions of the wall near the beveled end Only 
rarely did infection of the fracture follow 
Most infections seemed to be caused by con- 
tamination at operation as the signs of in- 
fection appeared early Late infections at- 
tributable to repeated aspirations were rare 
Mam of the fractures made were unsuitable 
for study, as the amount of hematoma fluid 
was insufficient to yield fluid by repeated 
aspirations for the 7 to 15 days necessary' 
for calcification, demonstrable in a biopsy 
of the fracture site Small hematoma and 
infection made many of the fractures pro- 
duced unsuitable for study 

Aspiration of the hematoma was carried 
out V/i hours after the fracture was pro- 
duced, again 24 hours later, then every' 48 
hours until fluid was unobtainable pH 
determinations were made in duplicate by' 
means of a micro-glass electrode, designed 
by one of us— (C L C ), capable of making 
readings on as little as 0 008 ml of fluid 
Biopsies were taken at various intervals to 
correlate the morphology with the pH 
changes, and to check specifically for begin- 
ning calcification by the Kossa staining 
technic 

Results The first aspirations, performed 
2 y 2 hours after the fracture was produced, 
yielded a bloody fluid with a pH more acid 
than that of the venous blood In a series 
of 8 fractures, (2 hours after the fracture 
was produced) the average pH of the fluid 
was 7 30, and 24 hours later, the pH in the 
8 fractures averaged 7 18 Xo analysis was 
carried out to try to determine the substances 
responsible for the local acidity 

A fracture becomes the center of an in- 
tense acute non-mfectious inflammatory reac- 
tion and, according to Menken® the pH 
initially in such a reaction should be definite- 
ly' acid Breakdown of tissue, damaged at 
the time of fracture, with more or less isola- 
tion of the site of injury' from the general 
circulation, contributes to the local acidity 

As repeated aspirations were performed, at 
4S-hour intervals, the fluid gradually' changed 

i Cliff, C L, and Swenson, 0, J Biol Cliem , 
1044 1 52, 519 

» JIcnkin, V, Jm J Path , 1934, 10, 193 


to the alkaline side In the 8 fractures the 
average pH at the end of the experiment was 
7 52 The shift to the alkaline side, as re- 
pair takes place, is difficult to explain Cer- 
tainly as the site of injury is vascularized, 
the local acidity' is neutralized However, 
this does not explain the peculiar local change 
to the alkaline side 

The end of each of the 8 experiments was 
determined by inability to aspirate sufficient 
fluid for pH determinations and varied from 
7 to 15 days Biopsy of the fracture site 
was carried out at the termination of each 
experiment and m 6 out of 8 there was 
calcification demonstrable by' the Kossa stain- 
ing technic The material from the remain- 
ing two experiments showed questionable 
calcification Six other fractures were 
biopsied from 3 to 5 days after fracture 
when the pH of the hematoma was still on 
the acid side or about the same as the venous 
blood and in none of these was it possible 
to demonstrate calcification 

The role of the hydrogen ion concentration 
m calcification and ossification is difficult 
to ascertain A major role has been ascribed 
to it by the exponents of a theory' of calcifica- 
tion 4 3 This postulates that there is initially 
a high concentration of calcium ions at the 
fracture site, due to the increased solubility 
of the bone calcium salts in the acid hematoma 
fluid Actually' no measurements of calcium 
have been reported confirming this theory 
As the calcium salts are less soluble in an 
alkaline solution, it is further postulated that 
precipitation of calcium takes place as the 
hematoma at the fracture site becomes alka- 
line and repair progresses Certainly such 
changes in the pH do take place m the 
hematoma However, calcification is proba- 
bly a more complicated mechanism than this 
theory' sets forth These changes in pH values 
may be results rather than the controlling 
factor in calcification 

A persistently' low pH at the fracture site 
invariably indicated infection It was pos- 
sible to detect an infected fracture by' the 
persistence of low pH readings before" local 
signs of infection developed As loDg as 
local infection persisted, it was impossible to 
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TABLE I 

pH Changes in Healing Enetuies 

Time aftei fracture 2M. Hrs 24 His 3 Days 5 Dajs 7 Dijs 9 Dujs 11 Dajs 13Dajs 15 Days 


pH Hematoma 

220 43 

7 IS 

7 07 

719 

7 22 

7 29 

7 36 

11 11 

217 43 

7 42 

7 33 

7 20 

7 28 

7 29 

7 51 

11 11 

235 43 

7 34 

7 25 

7 37 

7 42 

7 52 


11 11 

215 43 

7 28 

7 25 

7 29 

7 24 

7 51 

7 40 

11 11 

309 43 

7 35 

7 OS 

7 24 

7 31 

7 41 


n 11 

333 43 

7 30 

7 30 

7 25 

7 30 

7 41 

7 54 

11 7 7 

3 44 

7 15 

7 13 

7 30 

7 34 

7 44 

7 54 

7 1 11 

127 43 

7 30 

6 90 

7 02 

7 23 

7 42 

7 60 


Lean 123 Less complete biochemical knowl- 
edge of fracture repair is available Clinicians 
are interested in the process of calcification 
and ossification, as they are at a loss at 
times to explain nonunion of fractures or 
to alter the clinical course of this complica- 
tion without extensive surgical procedures 
Detection of any postulated biochemical 
disturbance in calcification in nonunion pre- 
sents an almost insurmountable problem 
First of all, little is known of the biochemis- 
try of normal fracture repair Most in- 
vestigations of fracture healing have been 
morphological studies Correlation of the 
biochemical changes with the morphological 
changes would be interesting and instructive 
Analyses of tissue in the region of healing 
fractures have been made However, m the 
early stages of repair there is only a liquid 
hematoma at the fracture site and tissue 
analysis is impossible The presence of the 
hematoma is fortunate m one respect in that 
it is comparatively simple to draw out fluid 
and subject it to chemical analysis While 
the hematoma does not represent accurately 
the biochemical processes in early fracture 
repair, it probably reflects these factors suf- 
ficiently to yield reliable information con- 
cerning changes m concentration of various 
substances as preparations for calcification 
take place Assuming that this is true, 
aspiration of the hematoma and analysis of 
the fluid is a relatively simple technic for 
biochemical study of fracture repair A ma- 
jor problem is the small volume of he matom a 


1 Urist, M 
Joint Surg , 

2 Unst, M 
Joint Snrg , 

3 TJnst, M 


E, and McLean, F C, J Bone and 
1941, 23, 1 

E , and McLean, F 0 , J Bone and 
1941, 23, 283 

E, J Bone and Joint Snrg, 1942, 


24, 47 


fluid present at the site of fracture necessitat- 
ing the use of microchemical methods 
Determination of the hydrogen ion ac- 
tivity of the hematoma at fracture has been 
made by Murray, 1 2 3 4 Sterling, 5 and Greune 6 
Technical difficulties seriously limited the 
number of determinations that were made 
Murray and Sterling generally agree, both 
reporting a pH on the acid side initially, 
with subsequent change to the alkaline side 
In several experiments Greune found a 
tendency of the fracture site to remain on 
the acid side No mention is made of any 
evidence of infection m these fractures It 
was our experience m all instances that per- 
sistent acidity at the fracture was accompanied 
by infection A desire to determine the tim- 
ing and extent of pH changes during frac- 
ture repair prompted these experiments 
Methods The first problem was to produce 
a fracture with a hematoma of adequate size, 
which remained fluid sufficiently long to 
permit repeated aspirations for pH determina- 
tions Numerous trials established that the 
best method to produce such a fracture in 
a canine femur was to elevate a full thick- 
ness spicule of bone and excise a portion of 
the vastus lateralis muscle, thus providing 
room for an ample hematoma Heparin 
was used in some hematomas in the hope of 
maintaining a more prolonged fluid state 
This technic was of little avail and heparin 
was not used m the later experiments 
Aspiration of the hematoma was done with 
16 gauge needles, having multiple perfora- 

t Mui raj, C E, Induet Med, 1941, 10, 171 
5 Stilling, H I, Ti Med Clur Soc Edinburgh, 
pp 203 22S, 1931 1933, in Edinburgh M J, Dec 
1932 

G Greune, H, Deutsche Ztschr f Clur, 1931, 
203, 324 
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TABLE I 

Development of Blood Disci isns m Bits Given Thiourea m Punfied Diets Witli mtl 
Without the Simultaneous Adniinistintioii of Thvro\in or Thvroid Povvdci 




No with 

No with 

No with 

Diet 

No of r its 

granuloca topi m i* 

leucopim 1 1 

inemn} 

Basal control 

21 

0$ 

0$ 

0 


(No 985) 28 

Basal diet md tlijioMii 1G 
Diet containing thiourea 
(No 985) and thjioxin 10 
Diet containing tluoure i 
and thvroid povvdei 
(No 1053) 30 


1 

1 

10 


18 


7 

0 

10 


20 


14 

0 


* 300 oi fcvvei polvmorphonucleai granulocv tcs per cu mm 
1 4000 or fewer total leucocytes pci cu mm 
} Hematoent value of 35 volumes % or less 

$ White cell counts were obtained on only 9 of the 21 control animals 


0 25% of thyroid powder (Armour U S P ) 

The study consisted of 2 parts, (a) a 
series of experiments designed to study the 
development of blood dyscrasias under various 
conditions and (b) a test of the value of 
L casei factor in correcting granulocytopenia 
For each experiment in the first part of the 
study weanling male albino rats of the Os- 
borne and Mendel strain were divided into 
2 (or 4) groups on the basis of weight and 
litter One group was given the basal diet 
and another the experimental diet containing 
thiourea (No 985), when 4 groups were em- 
ployed the 2 additional ones received these 
identical diets and in addition were given 
thyroxin injections The thyroxin (crystal- 
line, Squibb) was administered subcutaneously 
6 times weekly at a level of 1 pg per gram 
of body weight In the second part of the 
study, diet No 1053, containing thiourea 
and thyroid powder, was given to all animals 
throughout the entire experiment A num- 
ber of the rats which became granulocytopenic 
were treated with L casei factor, diet No 1053 
being continued 

At various times, total white blood cell 
counts, polymorphonuclear granulocyte counts 
and hematocrit determinations were made on 
the tail blood, of these animals by technics 
which have been described '' 

For this report, rats with counts of no 
more than 300 polymorphonuclear granulo- 

D ift, D S, Kornbcrg, A, Ashburn, L L, lud 
Sebrell, W II , Pub Health Pep , 1945, 00 1201 


cytes per cu mm were considered to be 
granulocytopenic, those with counts of 4000 
or fewer total white cells per cu mm were 
considered to be leucopemc, and those with 
hematocrit values of 35 volumes % or less 
were considered to be anemic The incidence 
of granulocytopenia, leucopema and anemia 
in the animals subjected to the different ex- 
perimental conditions is given in Table I 
The lowest values observed have been used 
in the preparation of this summary 

Of 28 animals which were given thiourea 
but no thyroxin or thyroid powder, only 1 
became granulocytopenic while 7 became 
leucopemc and 14, or 50%, became anemic 
Eight of these 14 had hematocrit values of 
30 volumes % or less Results at hand sug- 
gest that the anemia cannot be prevented 
by the inclusion of L casei factor or a crude 
liver fraction in the diet but the data are 
not sufficiently extensive to permit a definite 
conclusion Animals which received thiourea 
but also received thyroxin injections or thy- 
roid powder m the diet showed a low inci- 
dence of anemia (3 of 46) but a high in- 
cidence of granulocytopenia (28 of 46) and 
leucopema (30 of 46) Control animals which 
received no thiourea showed almost no blood 
dvscrasias (1 of 37) whether or not they xvere 
given thyroxin injections 

As a rule, the rats developed the blood 
dyscrasias after onlv a few weeks on the ex- 
perimental diets The anemia usually ap- 
peared somewhat earlier than the granulocy- 
topenia As noted above 8 rats given the 
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demonstrate calcification until the inflamma- 
tion subsided 

Conclusions 1 In the dog, there is an 
initial local acidity in the hematoma resulting 
from a fracture, followed by a change to 
alkalinity beyond the value in the venous 


blood 

2 Biopsy of the fracture site after the 
fluid became alkaline, at the end of the ex- 
periment, showed calcification in 6 out of 8 
cases 

3 Infection at the site of fracture produced 
a persistent local acidity 
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Granulocytopenia in Rats Given Thiourea and Thyroxin The Therapeutic 

Effect of L casei Factor 

Floyd S Daft, Arthur Kornberg, L L Ashburn, and W H Sebrell 
From the Dtusion of Physiology and ihe Pathology Laboratory, National Institute of 
Health, V S Public Health Set vice, Bcthesda, 31(1 


The effect of thiourea and its derivatives 
in depressing the functional activity of the 
thyroid gland in experimental animals and 
m man is well known and the literature per- 
taining to the discovery of this phenomenon 
has beeh repeatedly reviewed 1 2 In the first 
report on the clinical use of thiourea and 
thiouracil in the treatment of thyrotoxicosis 1 
there was noted the development of agranu- 
locytosis m one patient A number of addi- 
tional cases of leucopenia, granulocytopenia 
or agranulocytosis following the use of these 
drugs have been described The importance 
of finding a method for preventing the de- 
velopment of these blood dyscrasias is ob- 
vious It appeared that there might be an 
analogous situation in the occurrence of 
granulocytopenia in rats fed sulfonamides in 
purified diets 34 and the correction of this 
dyscrasia with L casei factor 5 It was decided, 
therefore, to study the effect on rats of ad- 
ministering thiourea in a similar purified diet 


1 AstYK>od, E B , J Am 3Iccl Assn, 1943, 122, 
78 

2 MiMier, J P, Bemeke, E P , and Turner, 
G W, An Socnnology, 1944, 34, 108 

3 Spicer, S S , Daft, F S , Sebrell, W H , and 
Ashburn, L L, Pub Health Sep, 1942, 57, 1559 

-Kornberg, A, Daft, F S , and Sebiell, W H, 

Science, 1943, 98, 20 

5 Daft, F S, and Sebrell, H, Pub Health 
Sep , 1943, 58, 1542 


with and without the simultaneous administra- 
tion of thyroxin or thyroid powder If 
granulocytopenia developed it would then be 
possible to test the therapeutic value of 
L casei factor m these animals 

Anemia without granulocytopenia has been 
encountered m many of the animals receiving 
thiourea without thyroxin or thyroid powder 
Granulocytopenia without anemia has oc- 
curred in high incidence m animals receiving 
both thiourea and thyroxin or thyroid powder 
and the granulocytopenic animals have been 
treated successfully with L casei factor 
Expei imental The basal (control) diet 
used in these investigations consisted of 
leached and alcohol-extracted casein 18%, 
Cnsco 8%, modified Osborne and Mendel 
salt mixture 3 4%, FeS0 4 7HoO 0 18%, 
CuSOj 5H»0 0 02% and anhydrous dextrose 
(Merck’s U S P ) 69 8% Into each 100 g 
of diet were incorporated 1 mg of thiamine 
hydrochloride, 2 mg of riboflavin, 2 mg of 
calcium pantothenate, 1 mg of pyridoxine 
hydrochloride and 200 mg of choline chloride 
Each rat received a supplement twice weekly 
of 0 25 cc of corn oil containing 2000 units 
of vitamin A and 200 units of vitamin D 
(Natola) The experimental diets differed 
only m that specified ingredients ivere sub- 
stituted for equivalent amounts of dextrose 
Diet No 985 contained 1% of thiourea, diet 
No 1053 contained 1% of thiourea and 
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marrow studied m paraffin sections showed 
m many rats striking increase in erythropoietic 
activity and some decrease in number of 
granulocytes The majority of the nucleated 
red cells were normoblasts The only ab- 
normal finding in the 13 control rats was 
lipid depletion of the adrenal glands of 4 rats, 
slight in 3, moderate in 1 

The adrenal hemorrhage and necrosis are 
almost completely prevented by thyroxin in- 
jections or by thyroid powder in the diet 
Of 26 animals examined which had received 
thiourea, but no thyroxin or thyroid powder, 
15 showed hemorrhage or necrosis or both of 
the adrenal Of 15 animals which had re- 
ceived thyroxin injections in addition, and of 
8 which had received thiourea and thyroid 
powder, 2 (one in each group) showed simi- 
lar lesions It would appear, therefore, that 
this damage to the adrenal glands is mediated 
in some way through the thyroid The lipid 
depletion is not prevented by the injection 
of thyroxin or feeding thyroid powder 

Discussion During the course of this work 
there appeared a report 8 describing the oc- 
currence of granulocytopenia in rats fed a 
standard laboratory ration containing 0 5% 
of thiourea The animals apparently de- 
veloped neither leucopema nor anemia but 
the average neutrophil percentage dropped 
from 32 7 to 5 4 It was reported that this 
granulocytopenia could be prevented by the 
inclusion of 5% of a crude liver fraction in 
the diet 

The anemia observed in our rats ingesting 
thiourea but receiving neither thyroxin nor 
thyroid powder apparently resulted in some 
way from the interference of the drug with 
thyroid function This is suggested very 
strongly by the low incidence of anemia m 
the animals receiving thyroxin or thyroid 
powder in addition to the thiourea These 
findings are m accord with the reported oc- 
currence of anemia in clinical hypothyroidism 
and in thyroidectomized rats 0 

It should be noted that the granulocy- 

8 Goldsmith, E D, Gordon, A S , Finkeistem, 
G , and Chinpper, It A , J Am Med Assn , 1944, 
125, S47 

0 Crnfts > E C , Endocrinology, 1941, 20 , 59G 


topenia in these experiments has been, com- 
paratively, very difficult to correct Rats 
with granulocytopenia induced by other 
methods have responded spectacularly and 
with considerable regularity to treatment for 
shorter periods and with smaller amounts of 
the vitamin For example, in a recent study 
of the treatment of sulfasuxidme-mduced 
granulocytopenia, 10 11 of 14 animals re- 
sponded to the administration of 25 n g of 
L casct factor daily for 4 days In these 11 
animals the level of circulating granulocytes 
increased in 4 days from an initial average 
of 10 cells per cu mm to an average of 4530 
cells per cu mm Similar responses to identical 
therapy were obtained m granulocytopenic 
animals in which the dyscrasia was induced 
by diet alone, 11 by a deficiency of pantothenic 
acid, 0 or by a deficiency of riboflavin 12 The 
granulocytopenia appearing in animals in- 
gesting thiourea and receiving thyroxin or 
thyroid powder may differ therefore from 
the granulocytopenia resulting from these 
other conditions It may be that the effect 
of the thyroxin and thyroid powder is to 
increase the animals’ requirements for L caset 
factor A similar effect of thyroxin has been 
demonstrated for other vitamins of the 
B-complex 13 The effect of the thiourea is 
conceivably due to a direct interference with 
some metabolic activity in the animal body 

It is of particular interest that the pro- 
duction of granulocytopenia by thiourea in 
these studies required the simultaneous ad- 
ministration of thyroxin or thyroid powder, 
each of which was given at a high level 
These conditions are perhaps somewhat similar 
to those under which clinical agranulocytosis 
follows the use of thiourea 

Summary Rats given thiourea m a purified 
diet develop anemia and, in lesser incidence, 
leucopema They also develop hemorrhage 

10 Endicott, K M , Bift, F S , and Ott, M, 
I reft Path , 1945, 40, 3G4 

11 Koinbeig, A , Baft, F S and Sebrell, VT H , 
Proc Soc E\p Biol \\d Me d, 194 j ; 08 , 40 

12 Kornberg, A , Baft F S , and Sebrell W H , 
.Ucli Biothcm , 1945, 8 , 431 

14 Brill, V A , and Overman, E , Am J Physiol, 
1941 42, 133, 474 
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TABLE II 

Treatment of 12* Giamilocjtopemc Rats with L cnsci Factoi (100 fig Per Hat Per Da?) 
foi 4 and 10 Da; s 

Total white blood cells Total polymorphonuclear 

pel cu mm granulocytes per cu mm 


f " ' ' " 'l / 



A'g 

Range 

Aig 

Range 

Before treatment 

4630 

1300 8850 

140 

50 300 

After 4 d i) s 

5470 

1650 9250 

630* 

50 1100* 

” 10 ” 

7920 

2950 13,800 

2030 

800 4100 

* A total of 14 animals 

were treated 

One died on tlie 7th daa 

of treatment and one rc 


sponded suflieientl} well in 4 da) s that treatment was discontinued Foi the sale of uni 
formitj the data for these 2 animals are not included in the table The animal which re 
sponded in 4 days did so on 2 occasions, once from 200 up to 6700 and again from 250 up to 
1400 poljmorphonucleai granulocytes per cu mm 


thiourea-containing diet (No 985) became 
rather severely anemic (hematocrit values 
of 30 volumes % or less) This degree of 
anemia developed in these 8 animals usually 
after about 1 month on experiment (22 to 
33 days for 7 animals, average 26 days, 
181 days for the eighth animal) The 28 
rats which became granulocytopenic while re- 
ceiving thiourea plus thyroxin or thyroid 
powder developed this dyscrasia after 25 to 
104 days on experiment (25 to 55 days for 
25 animals, average 38 days, 75, 81 and 104 
days, respectively, for the other animals) 
Granulocytopenic rats fed diet No 1053, 
containing thiourea and thyroid powder, were 
used in tests of the therapeutic value of 
L casci factor* In preliminary trials it 
was found that treatment of such animals 
for 4 days with 25 fig of L caset factor daily 
did not routinely correct the dyscrasia The 
therapeutic dose was increased to 100 fig 
daily but as indicated in Table II the re- 
sponse even to this amount was not spectacu- 
lar Only 2 of 14 animals reached a level 
of polymorphonuclear granulocytes of 1000 
cells per cu mm in 4 days Treatment 
was continued in 12 of these animals for 6 
additional days and at the end of this time 
10 of the 12 animals had 1000 or more 
granulocytes per cu mm of circ ulating blood, 


Trp] le eijstalliue pioduct employed bad been 
isol ited from a fei mentation lesidueT and was 
furnished through the courtcs, of Di» E H * 
Stohshd and B B Hutclungs of Ledeile Labora 


tones, Inc 

7 Hutchings, B L 
N , and Slobodhm, 


, Stohstad EBB, Bolionos 
N H Science, 1044, 99, 3<1 


the remaining 2 had levels of 800 and 950 
cells per cu mm respectively 

Pathologic Findings The heart, lung, 
liver, kidney, spleen, adrenal and bone mar- 
row of 26 rats fed thiourea were sectioned 
and examined microscopically Of these or- 
gans only the thyroid glands, adrenal glands, 
bone marrow* and spleen showed significant 
lesions The thyroid hyperplasia and colloid 
depletion found have been previously de- 
scribed Grossly the adrenal glands did not 
appear to be enlarged but were cherry red 
m color Microscopically, the pathologic al- 
terations present in these glands were hy- 
peremia, often of extreme degree, hemorrhage, 
necrosis and lipid depletion The hyperemia 
and hemorrhage, while commonly present in 
the inner cortex (reticularis), were not lim- 
ited to this area In a few adrenals, hy- 
peremia or hemorrhage or both were present 
m the outer half of cortex and absent from 
the reticularis Necrosis of adrenal cortical 
cells occurred m about one-half of the ani- 
mals The involved cells w-ere scattered, less 
often grouped, in the outer one-third of the 
fascicularis Rarely w-ere they seen deeper 
in the cortex Lipid depletion of moderate 
or marked degree w’as seen m all except 2 
animals This W’as studied in frozen sections 
stained w’lth Sudan IV In the majority, 
the depletion was usually greatest in, and 
often limited to, the outer half of fascicular 
and glomerular layers Although measure- 
ments were not made, the cortex in a few 
adrenals w’as obviously reduced in thickness 
The spleen of a number of rats show’ed marked 
hyperemia and lymphoid atrophy The bone 
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TABLE X 

Reeoverv of Ammo Acids from Protein Hvdrolyzates 


Protein 

Hvdrolvzate 

Ammo Acid 

Amino Acid 
Contcn* Found 
Vc 

Amino Acid 
Added 

Tv 

Total Content 
Pound 

Vc 

Reeoverv 

Casein 

lvsine* 

7 3 

70 

14 3 

100 

JI 

*■ 

7 S 

70 

14 6 

97 4 

i 


7 34 

7 0 

13 0 

94 0 

j J 

”t 

713 

SO 

14 63 

93 

g Lactoglobulin 

T 

«S7 

0 S3 

1H71 

100 

Casern 

Jnstidme* 

3 35 

30 

6 15 

97 

t 

7 * 

3 11 

3 0 

6 17 

1010 

Gliadm 

* 

1 QQ 

30 

3 SO 

95 

Horse hemoglobin 

7* 

7 63 

7 6 

15 3 

QQ 1 

t ? 

*■ 

7 73 

7 6 

15 4 

101 

Casein 

arginine t 

3 74 

40 

7 04 

105 

g Lactoglobulin 

’ T 

3 7S 

3 SI 

o yt 

99 3 

Casein 


6 95 

60 

12 95 

ion 

fl Lactoglobulin 

t 

o o 

5 S 

no 

94 6 

Gelatin 

’t 

34 

2 4 

4S5 

103 


Percentages arc uncorrected for moisture 
* Determined with i mesenferoides 
t Determined witli 5 faecahz 


TABLE n 

Lvsme Content* of Several Proteins 


Lvsine determined bv 

''treptococcus rnccali i Laicono'tor mesentcroirle * Other methods 


Sample 

Vv 


Vc 

Avg 


C isem (Labco) 

7 S3 7 30 7 34 7 76 

7 U 

< 50 i 54 S 0 i 4S 

7 70 0 70 

7 5 

S 34 

7 7r 

Gelatin (Knox) 

52 53 

52 

3 9S 3 75 _ 

3S7 

5 S' - 

Ovnlbummt 
g Lactoglobulinf 

6 04 6 1 5 85 

10 4 10 0, 10 4 10 4, 

_ 60 

5 6 

3 6 

6GC 


10 6 

10 4 

10 5 _ - _ _ 

10 5 

11 1C 

Horse hemoglobin! 

S 66 

SOS 

S 4 

S 4 


^ilk fibroin t 

0 oo, 0 90 

0 90 

0 5S 

_ 0 5S 

0 604 
0 72C 


* Percentages are expressed on the moistnre-free basis 
t Kindlv supplied bv the late Dr Max Bergmann 


The medium of McMahan and Snell 1 was 
modified for Streptococcus jaecalts by doubling 
the phosphate concentration and by altering 
the vitamin supplement in the manner de- 
scribed bv Hac et al 2 The medium is \eiy 
similar to that used bv Stokes et al c The 
assay was carried out on a 2 5 cc scale 
incubated 16 hours at 30’ C and growth 
measured turbidimetncally after dilution of 
each culture with 5 cc of saturated aqueous 
chlorothymol Stokes et al 0 use 10 cc cul- 
tures, and follow growth titrimetncalh after 
an incubation period of 40 hours The de- 
termination of arginine, % aline and lvsme 
was imestigated using S jaecalts as test or- 
ganism Growth response increased with in- 
creasing concentration over the following 


ranges for the various amino acids 8-50 y 
/(-f) -arginine monohv drochlonde 10-100 y 
df-v aline and 20-100 y /(-T-)-lvsine monohv- 
drochloride per 2 5 cc of medium 

Results Recoveries of ammo acids added 
to protein bvdrohzates were good (Table I) 
There were no drifts m assay values as 
dosage levels of samples were increased and 
assav values of protein samples tested at 
different times were reproducible (Tables II 
and III) 

In Table II values for the lvsme content 
of various proteins as determined with both 
5 jaecalts and L viesentcroidcs are given 
\alues for the histidine, arginine and valine 
content of proteins are given m Table III 
I alues obtained bv other mv estigators are 
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and necrosis of the adrenals Animals which 
receive, concomitantly, thyroxin injections or 
thyroid powder become granulocytopenic and 
leucopenic, while the incidence of anemia 


and of adrenal hemorrhage and necrosis is 
greatlv reduced The granulocytopenia and 
leucopema of these rats may be corrected 
by treatment with L casei factor 
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Microbiological Determination of Amino Acids IV Lysine, Histidine, 

Arginine, and Valine 


Beverly M Guirard, Esmond E Snell, and Roger J Williams 
From the Biochemual Institute and Department of Chemist) y, The Unite) sity of Texas, 

Austin 


Microbiological assays for ammo acids have 
been reported in a series of papers from this 
laboratory 1-3 \ considerable portion of our 

more recent work has been anticipated by 
published results from other laboratories, 4 ' 0 
and vve are therefore presenting only in ab- 
breviated form additional methods for lysine, 
histidine, arginine, and valine and results of 
their application to 6 purified proteins casein, 
gelatin, ovalbumin, /3-lactoglobuhn, horse 
hemoglobin, and silk fibroin 

Assay Procedures Samples for assay were 
prepared bj r autoclaving (at 15 lb steam 
pressure) 100 mg of the protein with 2 cc 
of 10% hydrochloric acid m a sealed tube 
for 24 hours All assays were carried out 
as described by McMahan and Snell 1 
Leuconostoc mescnteroides was employed 
for the lysine and histidine assays The 
medium of McMahan and Snell 1 was modified 


* Piesent address Dep irtment of Bioclienustrj , 
TInneisity of Wisconsin, Madison 

1 McM thill, J H , and Snell, E E , J Biol 
Chem 1044, 132, 83 

2 Hae L R , Snell, E E , and Williams, R J , 
J Biol Chem , 1045, 159, 273 

s Hac, L R , and Snell, EE , J Biol Cliem , 


1945, 159, 291 
i Dunn, M S, Camien, M 
Frank!, W , and Rockland, L 
1944, 136, 715 

a Dunn, M S , Camien, M X 
Rockland, L B , J Biol Chem , 
« Stokes, J L , Gunness, M , 
Caswell, M C, J Bwl Chem, 


X , Sli mknian, S , 
B , J Biol Chem , 

Sliankman, S , md 
1945, 159, 653 
Dim ci, I M, and 
, 1945, 160, 35 


for L mcsenlet aides by increasing the phos- 
phate content (Salts A) 8-fold and the arginine 
content 3-fold, and by altering the vitamin 
supplement (Solution 2) as described by Hac 
ct al - 1 

The lysine assay was incubated 63 to 65 
hours at 32 to 34° C The standard curve 
was constructed from response of the test 
organism to graded amounts of / ( -f- ) -ly r sme 
in the range 5-50 y per 2 5 cc of medium 
Growth response was measured turbidimetric- 
ally after dilution of the contents of each 
tube with 5 cc of a saturated aqueous solu- 
tion of chlorothymol Growth response may 
also be measured acidimetncaily+ using the 
micro quinhydrone-calomel-electrode technic 
or with the glass-electrode assembly described 
by McQuarrie and Jones 7 When the assay 
tubes were to be titrated, 2% glucose was 
used instead of 1%, to permit formation of 
larger quantities of acid 

For the histidine assay, graded amounts 
of /(-j-)-histidine in the range 1-12 y made 
up the standard curve The culture tubes 
W'ere incubated at 32 to 34° C for 72 hours 
Shorter periods of incubation resulted m 
poor recoveries and drifting assay values 

t The folic -Hid requirement is bused on i con 
eentiuti with u potenci of 40,000 

} The nlucs obtained for the hsme content 
(unioriected for moisture) of u casein hjdroljzatc 
issued turbidiiiietricilli md -ludmietncullj were 
7 0 ind 7 19r, respectneh 

7 McQuirrie, E B , ind Konen, II J , Jnd Eng 
Chem, Anil Ed, 1944, 1C, 207 
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also given for comparison 

Discussion Values for the lysme content 
of proteins obtained with S jaccahs and L 
mesenteroides are in good agreement with each 
other and with values cited from the litera- 
ture, except in the cases of gelatin and silk 
fibroin The value obtained with L mesen- 
teroides for gelatin appears to be low, and 
that for silk fibroin with S jaecalis appears 
to be high when compared with the data 
cited The value obtained for the lysine 
content of horse hemoglobin is in excellent 
agreement with that obtained by the isotope 
dilution method® 

The single value (28%) for the arginine 
content of horse hemoglobin probably should 
be disregarded since it is much lower than 
the values 3 4, reported by McMahan and 
Snell, 1 and 3 7, reported by Foster 8 The 

8 Poster, G~ L, J Bwl Chcm , 1W, lofl, 4dl 


value (94%) for the valine content of horse 
nemoglobm is somewhat high as compared 
with the value, 8 8%, reported by McMahan 
and Snell 1 Recent values for the histidine 
content of horse hemoglobin are unavailable 
The agreement among other values reported 
in Table III is excellent 

Summary A method of assay for histidine 
and lysme employing Leuconastoc mesenter- 
oides as test organism has been developed 
This method is compared with those of 
Dunn et al 4 r ' A method of assay similar to 
that of Stokes et al a for lysine, arginine, and 
valine using Streptococcus jaecalis as test 
organism has been independently developed 
and studied 

With few exceptions, the data reported agree 
closely with those obtained by previous in- 
vestigators with microbiological or isotope 
dilution methods 
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The Nature of Circulating Estrogen * 

Clara M Szego, and Sidney Roberts (Introduced by William Malamud ) 
From the Worcester Foundation for Experimental Biology, Shrewsbury, Mass 


In the course of investigations on the 
physico-chemical nature of circulating estro- 
gen, we have found a large and constant por- 
tion of the latter to be closely associated with 
the blood proteins Coincidentally, we have 
observed that blood estrogens will dialyze 
quantitatively past a collodion membrane 
Methods The methods used for the ex- 
traction of blood estrogens will be published 
m detail elsewhere In brief, the procedure 
generally consisted of precipitation of the 
blood proteins with acetone The super- 
natant fraction was combined with the 
acetone-ether washings of the precipitate, 
after which the two fractions were treated 
separately In all instances, precipitation and 
washing of the protein was done m the cold 
After evaporation of acetone and ether 

* Aided l>y grants from the Foundation for Ap 
plied Research and G D Scarle & Co 


from the supernatant fraction, the latter was 
hydrolyzed with 4% H 2 S0 4 The freed 
estrogen was then extracted with ether, and 
the water-washed extract was made up m 
a small amount of olive oil for subsequent 
assay 

The previously undenatured protein pre- 
cipitate was subjected to partial alkaline 
hydrolysis with 0 1 N NaOH After neu- 
tralization with CO.-, this material was ex- 
tracted with ether and made up in olive oil 

Other methods of estrogen extraction in- 
cluded alcohol-ether precipitation, and am- 
monium sulfate precipitation followed by pro- 
longed hot alcohol-ether Soxhlet extraction of 
the protein 

Portions of the same or similar bloods, as 
well as pure solutions of various natural 
estrogens, were also subjected to dialysis 
against distilled water through sausage cas- 
ing (Visking, 25/32" diam ) The dialysate 
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TABLE II 

Di ilvsis of Pure Estrogens 


Estrogen 

inside befoie 
dialysis 

Form 

Hrs of 
dnhsis 

fig found 
ill out 

% 

reco\ err 

% 

dialysis* 

x Estradiol 

10 

Xi Salt 

24 

40 

64 

104 

74 


10 


4S 

1 0 

S 0 

90 

94 

t 

1 0 

7 7 

4S 

— 

09 

— 

105 

7 7 

95 

Free 

48 

4 5 

40 

90 

35 

7 i 

20 

y 

4S 

— 

04 

— 

25 

p Estradiol 

10 

Xa Salt 

4S 

— 

S 3 

— 

100 

Estrone 

2 0 

y 

4S 

— 

IS 

— 

106 

Estnol 

30 


4S 

— 

24.S 

— 

98 


"Based on theoretical considerations with respect to -volume ratios aeioss the collodion membrane 


was ether-extracted before and after acid 
hydrolysis and prepared for injection in olive 
oil The material inside the cellophane bag 
was often analyzed for estrogen coincidentally 
in the case of blood, the acetone procedure 
outlined above was employed In all in- 
stances, dialysis was carried out in the cold 
(2°C) in a mechanical shaking device 

Biological assay' for estrogenic activity was 
by a modification 1 of the 6-hour uterine- 
weight method of Astwood 2 The index em- 
ployed was the increase m the ratio of 
uterine weight to body weight in immature 
female rats Most of the results were rep- 
resented arbitrarily in terms of alpha-estradiol 
equivalents 

Results Blood and sera obtained from 
normal and pregnant cows, normal and 
gonadotrophin-injected rabbits, and pregnant 
w omen were analyzed for estrogen 

It was uniformly found that only one-third 
of the total estrogen was present m the 
acetone supernatant fraction from which the 
protein had been removed without denatura- 
tion (Table I) This portion was appar- 
ently almost entirely^ present m a conjugated 
form (probably as an ester), since it could 
be extracted with ether only' after acid 
hydrolvsis The remainder, or two-thirds, 
existed associated with the protein in a 
form liberated by' weak alkaline hydrolysis 
Subsequent hydrolysis at pH 1 did not in- 
crease the yield It may' be noted that only' 
very small amounts of estrogen were present 
in all instances 

In the course of related studies it was 

i Pincus, G ind W erthesson, X , person'll coni 
imiuicntioii 

-Astwood E B, Endocrinolorjii 193S, 23 25 


found that pure estrogens will dialyze 
quantitatively past a collodion membrane 
This is illustrated in Table II Among the 
estrogens studied, free estradiol (which we 
have not found to any significant degree in 
blood) dialyzes too slowly to reach equili- 
brium in a reasonable length of time This 
may be due to its hydrophobic nature in a 
salt-free environment Otherwise, dialysis ap- 
peared to reach theoretical completion in 
about 48 hours Dialysis was not complete 
in 24 to 26 hours This is illustrated by' 
the incomplete dialysis of the sodium salt 
of alpha-estradiol after 24 hours (Table II) 
and of pregnant cow plasma and laked cells 
after 26 hours (Table III) Similar sam- 
ples had dialyzed completely after 36 to 
48 hours 

Table III shows that the amount of estrogen 
obtained from a 36 to 72 hour dialysate of 
blood was approximately equivalent to that 
found by exhaustive chemical extraction pro- 
cedures (Table I) The optimal volume 
ratio of material inside the collodion bag to 
that outside was found to be about 1 5 
Dialysis was incomplete where this condition 
was not met, as in the case of the whole 
blood sample from the gonadotrophin-injected 
cow (Table III) In this case, the volume 
ratio was only 1 2 

Discussion Previous studies on natural 
blond steroids having hormonal activity' have 
almost unitormly' neglected the protein frac- 
tion in spite of the fact that a large amount 
of cholesterol is found closelv associated 
with the latter 3 However, a variable amount 
of estrogen has been found associated with 

1 Tronseganrd X , and Koudahl B /f Phusiol 
Chon 1020 153 111 


TABLE I 

Distnlmtion of Blood Egtiogen 

Treatment of ]notun Lstiogm is n g % estrogen in 
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Effect of Certain Ammo Acids on Healing of Experimental Wounds 

of the Cornea 

Alexander J Schaeffer (Introduced by H J Deuel, Jr ) 

Jnom the Depot tmrnt of BiocJtcmisfijt, Uutveisiiii of Southern California, 

Los Angeles, Calif 


As a non-vasculanzed tissue, the cornea is 
unique from a biological point of view It 
receives its nourishment by diffusion of fluids 
through the entire corneal substance In 
trauma this diffusion may be disturbed lead- 
ing to vascularization and loss of transparency 
Earlier many attempts were made to nourish 
the elements of tissue cultures and to increase 
their rate of proliferation m viti o 1 The at- 
tempt to influence the regeneration of corneal 
defects by embryonic tissue extracts en- 
countered many difficulties Fischer 2 found 
tlat in tissue cultures m who the embryonic 
extracts could be replaced by an artificial 
medium in which amino acids furnished the 
building stones for the synthesis of protoplasm 
Cystine, which seemed to function both as an 
energy-furnishing ingredient and as a growth 
catalyst, apparently played a major role in 
this medium This special function of cystine 
is probably connected with its sulfur content, 
as free sulfhydryl groups often activate 
proteolytic systems m the process of growth 

Encouraged by Fischer’s results the writer 
has made an attempt to influence the re- 
generation of experimental wounds of the 
cornea by administration of ammo acids to 
this tissue m vivo For the first experiment 
36 guinea pigs W'ere used The technic em- 
ployed was a modification of the method of 
Gundesen and Liebman 1 Superficial vertical 
incisions were made across the cornea into 
the epithelium of both eyes by means of a 
Castroviejo double knife with blades 2 mm 
apart The cornea was immediately stained 
with fluorescein and the epithelium between 

i Bisecghe, V , md SclnefEor, A J , Die Gcnehe 
iuehtunqcn in titio, Sprmgei, Berlin, 1928 

2Fisehei, V, Acta Plnji,iol Scamhnai , 1940, 2, 
143 

1 Gundesen T, md Dubinin S I) , Atch 
Ophth , 1944 31, 29 


the two lines evenlv abraded with a spatula 
Ihe corneae were periodically stained and 
the fluorescein-positive areas registered on a 
chart drawn on logarithm paper The chart 
consisted of a ring symbolizing the limbus 
with a vertical double line in the center 
By counting the number of stained and un- 
stained squares of the paper, a quantitative 
expression of the healing process could be 
obtained 

In 18 of these animals (l,a) the ammo 
acid solution was dropped into the right eye 
every hour while the left control eye received 
a corresponding amount of physiological 
saline In the remaining 18 animals (l,b) 
an ointment containing the amino acids was 
applied twuce a day to the right eye together 
with a 5% boric acid ophthalmic ointment 
which was applied to both eyes 

The same experiment was repeated on 6 
other animals (2) but instead of a stripe, 
a round erosion, 3 5 mm m diameter, W'as 
made with a trephine in a similar manner 
The ammo acid solution was made in 6 °/o 
NaCl and contained 2 mg cystine, 5 mg 
proline, 6 mg asparagine and 14 mg glutamine 
per ml, and was adjusted to pH 7 2 The 
ointment w r as prepared by emulsifying 70 g 
aquafor with 30 ml ammo acid solution which 
contained the aforementioned ammo acids in 
10-fold concentration * 

A complete regeneration of the corneal 
defect m the eyes treated with ammo acids 
was achieved within 12 to 42 hours (in less 
than 30 hours in an average), while the 
healing process in the control eyrns required 
55 to 120 hours 

In a third series of experiments the effect 
of ammo acids on healing of deep non-per- 

* I un indebted to Dr Ernest Geiger for sug 
gestions md for the miteml used in tliese ex 
perunents 
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table III 

Dialysis of Estrogen in Blood 


Sample 

Volume ce 

Duration of 
dtaljsis in hrs 

Estrogen as pg 
a Estradiol per 100 cc 

Cow serum 

160 

48 

0 25 

Cow* 

Whole blood t 

200 

46 

0 20 

Plasma,! 

100 

46 

0 40 

Lohed cells t 

100 

46 

0 35 

Pregnant con (G mo ) 

Whole blood t 

50 

36 

0 34 

Plasma t 

100 

26 

0 10 

Laked cells f 

Piegnant human 

100 

j 

100 

26 

0 20 

Whole bloodt (3 mo ) 

72 

0 22 

Whole bloodt (5Y< mo ) 

100 

72 

0 55 


* Gonadotiopm treated 
1 Piesened with potassium oxalate 0 2% 


the protein in mare serum 4 and in human 
pregnancy serum 5 This bound estrogen 
could be liberated by prolonged strong acid 
hydrolysis, but not by refluxing 4 hours with 
alcohol, nor by ultrafiltration or tryptic di- 
gestion 

Our data suggest that an equilibrium ex- 
ists in blood between estrogen and protein 
Thus, two-thirds of the total estrogen is 
normally closely associated with the protein 
The remainder is apparently present m an 
esterified form in the aqueous phase The 
hydrophilic nature of this esterified estrogen 
may be involved in the formation of the 
protein complex It is improbable that the 
latter represents merely simple adsorption, 
since the relative amount of estrogen found 
associated with the protein by different ex- 
traction procedures is quite constant (Table 

I) 

The estrogen-protein complex is of such 
a nature that dialysis results in its progres- 
sive dissociation It is probable that this 
is accomplished by preserving the ratio be- 
tween dissociated and protein-bound estrogen 
inside the collodion bag As dialysis pro- 
ceeds gradually removing the protein-free 
estrogen, further dissociation of the estrogen- 

~~i HtussIcu E P, teitsclmft £ C Bairell, 
1936, 327 (Basel) 

5Rikoff, A E, Paschkis K E, and Cantarou, 
A , Am J Ohstct and Gynec 1943, 46, S56 


protein complex is permitted This postulated 
equilibrium, then, seems to obey the lan of 
mass action, enabling dialysis to proceed 
toward completion, depending upon the con- 
centration gradient of estrogen across the 
membrane 

The above results bear on the fundamental 
problem of steroid transport and actiuti 
in vivo, and suggest that estrogen bound to 
protein is potentially available for physiologi- 
cal action bv dissociation at the cell mem- 
brane 

Summa) v The total estrogen content of 
blood and sera obtained from normal, preg- 
nant and gonadotrophin-injected animals and 
women was uniformly Ion Values approxi 
mating 0 5 /<g of alpha-estradiol equivalents 
per 100 cc of blood were found 

Two-thirds of the total estrogen was closelv 
associated mth the protein fraction The 
remaining one-third existed mainly m a hy- 
drophilic, non-protein conjugated form 

Blood estrogens, as well as pure solutions 
of the sodium salts of estrone, alpha- and 
beta-estradiol, and estriol, were shown to 
dialyze quantitatively past a collodion mem- 
brane 

The mtliors wish to expiess their indebtedness 
to Di Samuel C Gw anno ind to XIr Raymond 
Unibnugli foi furnishing them with some of the 
Wood simples 
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The danger of air embolism during opera- 
tions on the neck and chest, because of nega- 
tive intra-thoracic pressure, is well known 1 
though possibly not fully appreciated and we 
shall show that this danger also exists for 
operations on the skull The experimental 
and clinical literature contains numerous re- 
ports of air embolism following the injection 
of air or oxygen into various cavities and 
spaces of the body 2 It will be further shown 
that fibrinous masses may develop acutely m 
the heart during air embolism, this observa- 
tion has only been reported once before as 
far as we know Richardson, Coles and Hall' 1 
observed occasional flecks of fibrinous ma- 
terial around the chordae tendineae of the 
right ventricle, and in 3 cases saw a friable 
clot of blood and air that possibly acted 
as a ball valve against the pulmonary artery, 
these investigators used nembutalized dogs 
and injected air into a femoral vein 

Although Kleinschmidt 1 has published an 
excellent experimental study of air embolism 
m rabbits, we shall report our own findings 
because Kleinschmidt and other experimenters 
injected air intravenously, while our work 
deals with air embolism following operations 
on the skull and spinal region 

Techmc The rabbits were generally nar- 
cotized by the subcutaneous injection of ISO 
mg of sodium barbital per kilo and operated 
30 to 45 minutes later, m a few instances 
morphine or ether was used The chief oper- 
ations were tracheotomy, exposure of the 
thoracic spinal column and cord, transection 
of the cord combined at times with pithing 
below the site of transection, exposure of 
the diploic veins in the parietal bones or 
removal of the outer lamella of the squamous 
portion of the occipital bone In some series, 

1 Ceelcn, \\ , m Hcnlc Lubarsch Eandbuch dcr 
•tpcziclhn pathologischcn Anatomic und Histologtc, 
Berlin, Tuhus Springei , 1931, III, Put 3, 119 

2 Renews of expeumcntil and puticulnh 
clmitnl eases Bmfogle, II S ,J A M A , 1945, 
120 , 342, Wolffe, J B , and Robertson, H P, 
Ann Int Ucd , 1933, 0, 102 

Rubudson, H F , Coles, B S , and Hall, G E , 
Canadian 1 led Jisn , 1937, 3(1, 384 

* Ivlemselinndt, 0, Arch f EUn Chuurgic, 
1013, 100 , 7S2 


the vagi were sectioned in the neck, in others 
they were left intact Inspiratory dyspnoea 
was often produced for short periods by an 
ordinary flap-valve slipped over the tracheal 
cannula In the curare experiments, artificial 
respiration was given at the rate of 30 per 
minute The blood pressure was recorded 
by a mercury manometer m a number of 
experiments 

If the animal succumbed acutely, an au- 
topsy was carried out at once, otherwise a 
biopsy was performed 30 to 55 minutes after 
the operative interference 

Experimental Results Cord operations 
were carried out on 28 rabbits In 22 both 
vagi were cut and 11 died acutely, 8 of 
these 11 rabbits revealed air bubbles m the 
pulmonary artery, the remaining 11 rabbits 
were biopsied and one showed both air bub- 
bles in the pulmonary artery and a good 
amount of fibrin in the right ventricle, a 
second rabbit revealed no air bubbles but 
both ventricles showed some fibrin shreds 
In 6 rabbits, the vagi were left intact, none 
of these died acutely but a biopsy revealed 
air in the pulmonary artery of 2 Thus 11 
out of 28 rabbits showed air bubbles 
in the pulmonary artery 

Skull opeiattons were performed on 9 rab- 
bits and the vagi were cut m all Acute 
death occurred in 4 and 3 of these showed 
air bubbles in the pulmonary artery Biopsy 
was necessary in 5 and 2 of these subacute 
cases showed air bubbles m the pulmonary 
artery In one interesting experiment, both 
vagi cut, air bubbles were seen coursing 
through the exposed diploic veins of a parietal 
bone during deep inspiration Biopsy was 
performed 27 minutes after the air was seen 
entering the diploic veins At that time, 
the blood pressure was 80 mm Hg and the 
respiration 172 per minute On opening the 
chest in the midline, the heart ivas beating 
powerfully and regularly, the pulmonary ar- 
tery was distended by air bubbles and the 
right side of the heart was fuller than the 
left Section of the heart revealed no air 
bubbles in the right atrium and ventricle, 
but the right atrium contained a small amount 
of fibrin while all other chambers were free 
of fibrin It seems probable that this rabbit 
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Summarj Table Shotting Type of Corneal Injur} and the Average Healing Time m Control 

and Ammo Acid treated Animals 

Healing time' 


Treatment 


No 


Control 

■ 

No of 

Control 

Treated 

injur} 

Amino acid treated 

Animals eje 

eye 

Guinea pigs 







Vertical 2 mm 

Ph} siol saline 

Ammo acid soln 

18 

04(55 108) 

22(15 32) 

l,b 

erosion 

liourl} 

liourl} 



5% bone acid 

5% boric acid omt 

18 

78(66 120) 

2G(12 42) 



ointment twace 

ment containing 



Round erosion, 

dail} 

amino acids twice 
daily 





pin siol saline 

Ammo acid soln 

b 

02(50 112) 

21(14 38) 


3 5 mm 

liourl} 

hourly 


Rabbits 





3, a 

Deep non 
perfoi ating 
ti eplune tt ound 

>f 3} 

n )f j) 

o 

95(86 104) 

35(28 42) 



3,b 


5% boric acid 

5 % bone acid omt 

10 

108(96 120) 

40(32 36) 



ointment twice 
daily 

ment containing 
ammo acids twice 






daily 





* The first figure gnes the avciage and the values m poientheses the minimum and maximum nines 
of the jndmdual expeiiments 


foratmg trephine wounds of the cornea was 
examined In 12 rabbits a central defect 
2 5 mm in diameter and 0 4 mm deep was 
made into the substance of the cornea of 
both eyes The right eye was treated in 2 
animals (3, a) with hourly administration of 
drops containing amino acids while the left 
eye received saline solution The other ani- 
mals received ointment applications as in 
the first experiment (3,b) 

In the eyes treated with amino acids, the 
corneal defect was covered with epithelium 
within 32 to 56 hours and m the control eyes 
between the 4th and 5th day The biomicro- 


scopic parallel with the histological examina- 
tion showed that in the ammo acid-treated 
eyes the same phase of the healing process 
is reached after 2 days wdnch the control eves 
reached only after the 6th day of experiment 
Ihe results of treatment of over 100 clinical 
cases in man with the same ointment will be 
published elsewhere Although it is difficult 
to evaluate these data quantitatively since 
the ointment ivas never applied alone, it 
would appear that the application of ammo 
acids accelerates the healing of corneal wounds 
particularly when ulcerative processes are in- 
volved 
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Accidental Air Embolism and Fibrin Formation in the Heart of Rabbit 


John Auer, and Hugo Krueger 

From the Department of Pharmacology, St Loins University School of Medicine, 

St Louis, Mo 


During operations on the spinal column, revealed cleaner factors that played an un- 

d nd skull a number of rabbits died more doubted role m the fatal outcome, gas bubbles 

COr , 311 acutely "and their death was at first were seen m the pulmonary artery associated 

01 h t d to that diffuse symptom-complex at times with fibrin formation in the heart, 

“vascular shock ” Autopsies, however, soon especially in the right ventricle 
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fibrin networks particularly in the right 
ventricle In our series, 7 rabbits showed 
fibrin networks in the heart without any de- 
tectable air bubbles 

It seems obvious that this fibrin must have 
been formed b\ churning of the air-blood 
mixture in the right ventricle during cardiac 
activity \Yh\ every heart with air in the 
pulmonarv artery did not show fibrin is 
probably due to a number of factors If the 
air bubbles are promptly’' expelled into the 
pulmonary’ artery , no defibrination of the 
right ventricular blood can occur, and air m 
the pulmonary artery’ does not measurably’ 
obstruct the flow of blood according to Klein- 
schmidt ( 4 p 802) The longer the right 
ventricle is able to churn the blood-air mix- 
ture the greater the chance of causing 
detibnnation If the amount of air is too 
large, right \ entricular failure ensues, as is 
demonstrated by’ the bulging dark-colored 
right atrium and ventricle and the contracted, 
pink, and empty left atrium and ventricle 
Posture of the body also is important, Klein- 
schmidt ( 4 p 791) states that air is expelled 
with greater difficulty when the apex of the 
heart is at a higher level than the base 
Another factor is the coagulability of the 
blood we attempted to correlate the coagula- 
tion times before and after the experiment 
with the appearance of fibrin in the heart, 
but our results in 10 experiments permitted 
no definite conclusion 

Our data do not permit a definite statement 
about the role play’ed by section of the vagi 
in the production of air embolism because 
the number of controls wuth vagi intact is 
inadequate, it seems, however, that section 
of the vagi is not a vital factor Acute 
death, however, W’as more frequent in the 


cord series of 2S rabbits when the \agi had 
been cut 

Summary 1 In barbitalized rabbits sub- 
jected to operations on the spinal column, 
cord and skull, air embolism is not a negligi- 
ble danger 14 out of 37 rabbits showed air 
bubbles m the pulmonary’ artery Acute 
death after such operations in the rabbit 
must not be diagnosed as “vascular shock,” 
tacitly implying a nervous component, until 
a careful autopsy’ has excluded air embolism 

2 Air bubbles were observed entering and 
coursing through exposed sections of the 
diploic veins of the parietal bone during in- 
spiration 

3 Absence of air bubbles m the right heart 
and pulmonary artery does not exclude air 
embolism for the air may have been absorbed 
The diagnosis of air embolism may’ still be 
made if fibrin is found in the heart Fibrin 
formation m the heart, especially the right 
ventricle, was seen 6, possibly 7, times when 
no air bubbles were detectable any’where 
Occasionally a slight amount of fibrin may 
also be detected in the left ventricle Here 
apparently some air bubbles passed through 
the pulmonary circuit and entered the left 
ventricle Fibrin may occur only’ m the left 
ventricle this was seen once w’hen artificial 
respiration ruptured lung aveoli and air 
entered the left heart and arterial sy’stem 
only 

4 Xo definite evidence of pulmonary 
infarction was seen m the lungs on macro- 
scopic and microscopic examination It seems 
probable that pulmonary’ infarction would 
have occurred had some of the animals been 
allowed to survive for longer periods of time 

5 Pulmonary edema was slight in the ma- 
jority of our experiments 
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would have recovered 

In this series, 5 out of 9 rabbits showed 
air bubbles in the pulmonary artery 

Cord opei attorn unde) curare and at tijtcial 
respiration were studied in 16 barbitahzed 
rabbits, the vagi were cut in 6 In this 
series, only one rabbit out of 16 showed air 
bubbles in the pulmonary artery and this 
exception was probably caused by imperfect 
curanzation No fibrin was found in any 
heart 

Fibrin Networks in the Heart In a number 
of rabbits dying acutely or biopsied 30 min- 
utes more or less after the operative pro- 
cedure, a fibrin network was noted in the 
right ventricle, though it also occurred in 
the right atrium and sometimes in the left 
ventricle The amount of fibrin varied con- 
siderably In one extreme instance the elastic, 
reddish or reddish-black network interlaced 
the papillary muscles and chordae tendineae 
of the right ventricle practically filling this 
cavity and a portion extended up to the 
pulmonary artery, in most instances, how r - 
ever, the amount was much less When 
fibrin occurred m the left ventricle, it w'as 
present only as a thm film 

In the series of 16 acutely fatal cases, 10 
revealed fibrin in the heart, in 2 or 3 
of these 10 fibrin-containmg hearts, no air 
bubbles were detected, but air bubbles were 
seen in the other 7 hearts The vagi had 
been cut in all 16 

In 21 subacute experiments, fibrin was 
found in the heart of 7 cases and in 4 of 
these no air was seen m the pulmonary ar- 
tery, the remaining 3 showed air in the 
pulmonary artery In 3 instances, fibrin 
was found in both x'entncles without any 
sign of air One rabbit (vagi intact) showed 
air bubbles but no fibrin, the remaining 13 
rabbits (vagi cut in 9, intact in 4) showed 
neither air nor fibrin in the heart 

An instructive accident demonstrated that 
air embolism could produce the formation of 
fibrin in the left ventricle onlj This hap- 
pened when the lung alveoli were ruptured 
durm« artificial respiration Immediate au- 
topsy showed air bubbles in the aorta, carotid 
and mesenteric arteries, but no air was seen 
in the right side of the heart and pulmonary 


arterv In this heart, the left ventricle showed 
fibrin while the right ventricle contained 
none 

Since the right ventricle occasionally con- 
tained definite fibrin networks, it might be 
assumed that particles could be dislodged 
and finally plug some of the small subdivi 
sions of the pulmonary artery No definite 
signs of embolism, however, were detected 
in the lungs of rabbits that died acutely or 
that were biopsied although these animals 
showed fibrin in the right ventricle Very 
frequently section of the various lobes of 
the lung showed reddish to red-black polygonal 
areas that were a few' millimeters in diameter, 
these congested areas were surrounded by 
larger, gra>ish-w r hite areas that were full of 
air and were largely bloodless Microscopic 
sections also gave no evidence of embolism 
The time, however, between the formation 
of fibrin and acute death or biopsy was 
probably too short to permit adequate stasis 
for infarction to occur 

Pulmonary edema m the great majority of 
our experiments was slight and limited at 
times to one lobe This is contrary to 
Klemschmidt’s results (* p 798) who always 
found strong pulmonary edema, Richardson, 
Cole and Hall also report marked pulmonary 
edema ( 3 p 587) 

Discussion The recorded experimental re- 
sults show unmistakably that air embolism 
during operations on the spinal column, cord 
and skull in heavily barbitahzed rabbits is 
an ever-present danger and that this air 
embolism may cause acute death or a subacute 
state from w'hich recover}' probably could 
ensue Thus in 37 spinal and skull opera- 
tions, 16 rabbits revealed air bubbles m the 
pulmonary artery It is therefore clear that 
the diagnosis “shock” as the cause of death 
in rabbits after operations on the skull, neck 
and chest should not be made until a careful 
autopsy has determined whether or not air 
embolism was the primary factor This 
diagnosis, however, is rendered more difficult 
by the fact that the air bubbles may have 
been absorbed before the autopsy was made 
Here a practically unknown sign is at times 
available that indicates the previous existence 
of air emboli and that is the presence of 
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the generalized spasticity so common m acute 
poliomyelitis It is finally obvious that the 
presence of lesions in the motor cortex - and 
in brain stem centers which function to 
modify muscle activity, has occasionally sug- 
gested that these lesions are sources of inter- 
ference with inhibitory motor mechanisms 
The difficulties of analysis of the pathogene- 
sis of spasticity m humans can be partly 
overcome in rhesus monkeys because of a 
fortunate circumstance We have shown that 
m rhesus monkeys inoculated intranasally or 
intracerebrally, the progress down the bram 
stem of lesions produced by virus activity 
may occasionally be arrested spontaneously 
at any point before reaching the spinal 
cord 10 11 Such non-paralytic attacks of 
poliomyelitis m rhesus monkeys are not ac- 
companied, m our experience, by severe 
spastic phenomena, but as a rule the lesions 
in the brains of such animals are not severe 
However, brain lesions may be very severe 
m some inoculated animals m the pre- 
paralytic period, when spasticity is the pre- 
dominant neurological symptom It was 
thought possible that in some animals in this 
stage, virus activity or lesions might not 
have progressed as far as the spinal cord 
With severe infections induced by most of 
the virus samples we have used, this is rarely 
true, since lesions are usually found to be 
present in both the lumbar and the cervical 
cord by the time that spasticity is well- 
marked t With the Lansing strain, 12 how- 
ever, we have found that not only do the 
arms usually show paralysis first but, m 
addition, the onset of paralysis in the legs 
is often somewhat delayed as compared with 

lOBodnn, D, and Hone, H A, Bull Johns 
Hop) i ns Bo<tp , 1941, 09, 135 

HBodian, D, md Hone, II A, Bull Johns 
Hophns Hosp , 1945, 70, 1 

t Six rhesus monke} s hilled n lule si i»n ing gen 
eralized spasticity in the preparaljtie period after 
inoculation mtli one of 3 rims strains recent]} 
isolated from humans (Sudech, 1941, Rile} , 1943, 
Frederick, 1945) nere found to hare poliomr elitic 
lesions in both ccrucal and lumbar cord segments 
12 Armstrong, C, Pi ih Health Bcp , 1939, 54, 
2302 


other strains * Consequently, , an attempt 
was made to kill certain animals inoculated 
intracerebrally with Lansing virus m the 
preparaljtie period after definite spasticity 
had become manifest It was found in 2 
cases that marked spasticity and hj’per- 
reflexia w ere present m arms and legs bcjorc 
lesions or virus (in one case) could be dem- 
onstrated m the lumbo-sacral cord, although 
lesions and virus activity were present m 
the brain and cervical cord An additional 
animal xxhich had been inoculated with the 
Rockefeller MV strain in 1939 and had been 
killed in the preparalytic period for another 
purpose was subsequently found to show a 
similar pathological picture It was thus ap- 
parent that lesions m the bram alone could 
produce the spasticity of acute poliomyelitis 
The protocols of these animals are of suf- 
ficient importance to be presented here 
Rhesus B474 This was an adolescent 
rhesus monkey m good condition 
Nov 7,1945 Under nembutal anaesthesia 
a trephine hole w’as prepared over the cen- 
tral sulcus in the midlme, and 0 4 cc of a 
10% rhesus spinal cord suspension containing 
the Lansing strain of virus was inoculated 
into each dorsal thalamus 

Nov 12 No abnormal signs were noted 
Nov 13 The animal was observed to 
be very awkward and stiff m climbing and 
running Extensors and flexors of arms and 
legs were tense and abnormal^ - resistant to 
passive movement Deep reflexes of arms 
and legs were hvperactive Head tremor was 
present No weakness or difference in 
strength between opposite limbs could be 
detected by careful examination 

t Tins curious shun characteristic cun be illus 
tilted bx tlie fact tint G1 of tbe last SI rhesus 
monkeys inoculated lntratlialanncalh with Lansing 
airus m this laboratory nere first paralyzed m 
one or both arms, -whereas onl} 0 were first 
paralyzed m one or both legs, and the remaining 
14 exhibited botli arm and leg weakness on the 
first dax of paralxsis In contrast, onl} 17 of 
S2 nionkexs inoculated similarly with one of G other 
strains isolated m this laboratory were first para 
hzed in one or both arms, 20 were first parahzed 
m one or both legs, and 45 had both arm and leg 
weakness on the first da} of paralysis 
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Experimental Evidence on the Cerebral Ongm of Muscle Spasticity in 

Acute Poliomyelitis * 

David Bodian (Introduced by H \ Howe ) 

From the Poliomyelitis Pesearch Center, Department of Dpulcmiology, 

Johns Bopl ins University, Baltimore, Mel 


One of the common symptoms of acute 
poliomyelitis in man and in experimental 
primates is the muscular rigidity, associated 
xx ith hyper-reflexia, w Inch often precedes 
flaccid paralysis The considerable recent 
interest in this phenomenon has been asso- 
ciated with conflicting views as to its 
pathogenesis, its possible role m producing 
chronic deformities, and its appropriate treat- 
ment Recent observations specifically di- 
rected at determining the characteristics and 
distribution of muscle spasticity in acute 
human poliomyelitis are in agreement with 
respect to the following points 1 Muscle 
spasticity in acute poliomyelitis is a reflex 
phenomenon associated with increased stretch 
reflexes 2 Spasticity in acute polio- 
myelitis has a widespread occurrence in the 
skeletal musculature, may be present in both 
flexors and extensors, and may occur in 
partly weakened muscles as well as in muscles 
of normal strength 1 2 4 0 Our observations in 
the rhesus monkey' are in agreement with 
these findings m human subjects, although 
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in some monkeys spasticity is not observed 
This may' result because of absence of the 
causes of this symptom, because of failure 
of detection, or because severe motoneuron 
paralysis occurs so quickly as to shorten 
greatly the period of spasticity or to preclude 
its occurrence In some monkeys preparalvtic 
spasticity' may be so severe that awkwardness 
of gait and posture is apparent, and the re- 
sistance of extremities to passive movement 
is claspkmfe in character At this stage 
a fine tremor may' be present 

The fact that the lesions of paralytic 
poliomyelitis occur m a number of nervous 
centers concerned with muscle function m 
the brain as w'ell as in the spinal cord, makes 
possible a variety of hypotheses regarding 
the pathological site of origin of this symp- 
tom Added to the difficulty of analysis 
imposed by' the widespread nature of lesions 
usually present in fatal human cases, is the 
fact that the symptom m question has usuallv 
disappeared by the time death occurs In 
spite of these difficulties, it is most commonly 
assumed that the lesions xvhich are responsi- 
ble for the symptom of spasticity are those 
in the region of the spinal cord w'hich supplies 
the local reflex mechanism 3088 Others at- 
tribute the hyperirntability of the stretch 
reflex to possible irritation of the muscle, 
nerve, posterior loots, or meninges by' the 
virus, 4 or to lesions of sensory neurons in 
the posterior horns as W'ell as in sensory 
ganglia ‘ None of our observations on 
pathological changes in many' human or mon- 
key specimens has suggested to us that lesions 
m these locations are quantitatively sufficient 
to be of primary importance in producing 

» Kabat, II , and Knapp, XI E , J Pcihat , 1944, 
24, 123 
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TABLE II u 

■Subnioeulation Tests of Suspensions of Antcuoi Quidnnts of Spiml Coid Enlai gements of 
Rhesus B430 (Pieparalytic Polionvselitis) 



Virus Dilution 

Deaths or paralyses among vnoiulited annuals 

Rt Ctmeal 

Lt Ctincal 

Rt Lurnb u 

Lt Lumbai 


10-1 

11/10 

7/S 

0/8 

0/8 

Mouse 

10-1 aid 10-2 

S/10 

12/1G 

0/8 

0/S 

Tests 

10-2 -nut 10-1 

4/14 

4/14 

0/8 

0/8 


10-1 

1/JG 

1/lb 

0/8 

0/8 

Monkey 






Tests 

10-1 



0/1 

0/1 


II The mouse titntions ueie part of a larger sfiuh of uias leiels in mfictid iiionktrs being 
carried out in eollaboiation with Di Man Cumbuland In this studr it was found that 
mtr icerebral inoculation m rhesus monkcis was a moie sensitive test foi the presence of Lansing 
liras m monhei coid than was mouse moeulition The monkeys shown m this table weie 
inoculated lntrathalamicalh and hilled aftei three weeks Sections of coid and bi 1111 were 
examined and found normal Not enough material was aiailable foi additional monhei tests 


and sparse at C8 and T1 Neuronal changes 
were found only on the right side in segment 
C7 These consisted mostly of various de- 
grees of chromatolysis with only about 4 % 
of all cells on the left side destroyed 

Complete serial sections of the lumbar cord 
segments L3 to L7, and Si, were stained and 
examined No lesions of poliomyelitis were 
found 

Even' 20th section of the brain was stained 
and examined A typical poliomyelitic dis- 
tribution of moderate to severe perivascular 
and focal infiltrative lesions and of neuronal 
destruction was found A predominance of 
severe lesions was observed on the right side 
of the bram stem, especially m globus pal- 
lidus, subthalamic centers, midbram teg- 
mentum, reticular formation, and vestibular 
nuclei Lesions were not observed m the left 
cerebral cortex or thalamus 

Summary of Rhesus 959 This animal was 
of interest in that the only preparalytic 
symptoms noted were fever, and spasticity 
and increased knee tendon reflex of the right 
leg Lesions were absent in the lumbar cord, 
and m the left motor cortex, but were severe 
on the right side of the bram stem, especially 
in the globus palhdus, subthalamic centers, 
midbram tegmentum, reticular formation, 
and vestibular nuclei If cortical involve- 
ment had been responsible for spasticity of 
the right leg, lesions would have been ex- 
pected on the left side, but none were found 
there The right-sided umlateraiitv of 
spasticity m this case is suggestively asso- 


ciated with ipsilateral predominance of lesions 
in the bram stem 

Rhesus B43Q This was an adolescent ani- 
mal m good condition 
Aug 30, 1945 Under nembutal anaesthesia 
a trephine hole was prepared over the central 
sulcus in the midline, and 0 4 cc of a 5% 
rhesus cord suspension containing the Lansing 
strain of virus w-as inoculated into each dorsal, 
thalamus 

Sept 4 Rectal temperature had risen to 
105°F from a baseline of about 104° 

Sept 5 The animal now w T as very awk- 
ward and stiff in running and climbing, and 
had marked head tremor Palpation revealed 
that arms and legs were very strong, but 
very resistant to passive manipulation All 
muscle groups appeared to be tense, but es- 
pecially the forearm flexors and the ham- 
string muscles showed rigidity of the clasp- 
knife type Tendon reflexes were exaggerated 
Under ether anaesthesia, the animal was 
exsanguinated from the femoral arteries 
With stenie precautions, the cervical and 
lumbar enlargements of the spinal cord were 
removed separately for virus assay The am- 
mal was then perfused through the aorta with 
10% formalin containing 1% acetic acid 
The bram and remainder of the spinal cord 
ivere removed for histological study 
Results of Vv us Assays Right and left 
anterior quadrants of cervical and lumbar en- 
largements were prepared separately as 10% 
aqueous suspensions Submoculations were 
done in mice and m rhesus monkeys, with 
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table i 

Comp mson of Numb pi s of Noimal ancl P Uhologit il Motoneuions 111 Cenicil Enlargement 
Of Biicsus B474, B isecl on Counts of Liteial Columns of 45 Equ ilh Sp-iud 15 M 
Sections (Piejmahtic Polmim clips) 


Expected on basis of studies 

Left Eight of 1101 mil eontiols 

450 500 


450 500 

5 Afutoncuions ibsent because of complete autohsis oi ph igoeitosis 

1'ndei ether anaesthesia, the animal was typical distribution of severe focal and diffuse 
perfused thiough the aorta with 10% formalin infiltrative lesions and of neuronal destruc- 
containmg 1% acetic acid The brain and tion was found Severest lesions uere ob 
spinal cord were removed for histological served in the motor cortex (areas 4 and 6 of 
study Serial sections at 15 /< were prepared Brodmann), dorsal thalamus, fields of Forel, 
of the cervical cord from C6 to Tl inclusive, substantia nigra, superior colliculi, midbrain 
and of the lumbosacral cord from L2 to SI tegmentum, reticular formation of hindbrain, 
inclusive All sections of the above 8 lumbo- vestibular nuclei, and basal cerebellar nuclei 
sacral segments were stained w ith gallocyanin Neuron destruction, however, was most 
and examined marked in the reticular formation and in 

Hist o pathological Findings Sections of the the large cells of the vestibular nuclei 
cervical cord contained typical early lesions Rhesus 959 This was an adolescent female, 
of poliomyelitis, with moderate perivascular slender but active 

and diffuse leucocytic infiltration, and March 17, 1939 Under ether anaesthesia 
neuronal changes Relatively feu neurons a trephine hole was prepared over the right 
were destroyed, but a considerable number motor cortex and 0 2 cc of a 20% rhesus 
showed various degrees of chromatolysis The cord suspension containing the Rockefeller 
left anterior horn was almost free of lesions Institute MV strain of virus was injected in 
except in the lower part of C8 and the upper the cortex of the leg region 
part of Tl Actual motoneuron destruction March 23 Rectal temperature had risen 
on the right side uas limited to segment C7, from a base-line of 102° F on March 21 to 
although various degrees of chromatolysis 105 2°F No muscular weakness uas detected 
uere present in all cervical segments An bj observation of movements or by palpation 
actual count of the anterior horn cells m 45 The right leg, houevei, uas observed to be 
sections taken at intervals through the cervical definitely more spastic than the left leg or 
enlargement showed the distribution of nor- arms, and the right knee jerk uas more ac- 
mal and affected motoneurons seen in Table I tive than the left Under ether anaesthesia, 

A quantitative study of the relationship of the animal uas perfused through the aorta 
motoneuron destruction to muscle weakness, uith 10% formalin containing 1% acetic 

now m progress, indicates that the amount acid The brain and spinal cord uere removed 

of motoneuron damage jn the cervical cord for histological study Serial celloidin sec- 

was far below the level which produces tions at 30 and 60 /t were prepared of the 

chnicallv evident weakness brain, and paraffin sections at 15 p. of the 

All sections of the lumbosacral enlarge- cervical and lumbar cord, and these were 
t (L2 to L7 and SI) were examined stained with gallocyanin 
™” ons of poliomyelitis were detected Histopathological Findings Typical in- 

1 rhf> hram ivas imbedded in celloidin and flammatory lesions were found at all levels 
1 ! , ‘ . ,- n ,, Every 20th section was of the cervical cord examined from C 6 to 

T' 1 ed' with gallocyanin and examined A Tl These lesions were very hght, however, 


Normal 

400 

314 

Chi omit oh Uc 

44 

93 

Necrotic 

9 

10 

Estimated deficit^ 

0 47 

27 77 

Total 

453 500 

450 500 
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The fact that spasticity can be produced 
without lesions being present in the spinal 
cord does not preclude the possibility, sug- 
gested by Rabat and Knapp, 89 that lesions 
in the internuncial neurons of the spinal cord 
can produce a similar effect under certain 
circumstances As Lloyd 13 emphasizes, cer- 
tain internuncial neurons in the cord are an 
integral part of the mechanism of reticulo- 
spinal and propnospinal action on the moto- 
neurons Rabat and Knapp have introduced 
as evidence in this connection the inconclusive 
observation that most spinal cords from fatal 
human cases have lesions in the intermediate 
columns where the internuncial neurons pre- 
sumably are predominantly present, and that 
some cases have internuncial lesions with 
“relatively normal anterior horn cells ” Un- 
less serial sections of several segments at 
the involved level are examined, which was 
not implied, such a statement is necessarily 
inaccurate since lesions in the spinal cord 
may be quite spotty in character For ex- 
ample, sections separated by only a milli- 
meter or less may show quite different de- 
grees of involvement of anterior, interme- 
diate, or posterior cell columns 10 It is there- 
fore obvious that only a quantitative study 
of the degree of neuron destruction in the 
spinal cord centers at various levels, based 
on a detailed study of serial sections, and 
correlated with symptoms referable to af- 
fected levels in each case, can yield anything 
more than suggestive inferences in a problem 
of this kind On the other hand, the evidence 
from preparalytic animals, as we have noted 
before, 18 can at times give a clear-cut answer 
on problems of pathogenesis because in such 
animals the pathological picture is in process 
of development and much less difficult of 
interpretation than that m fatal cases The 
absence of lesions or detectable virus activity 

is Bodian, D, and Hone, II A, Brain, 1940, 
03, 13o 


in the lumbosacral cord in the preparalytic 
period of animals already showing spasticity 
of leg muscles, is an unusually good example 
of this* 

Summaiy Evidence is presented which 
demonstrates that neither virus activity nor 
lesions m the spinal cord are necessary 
pathogenetic factors for the production of 
the spasticity of acute poliomyelitis In 2 
rhesus monkeys inoculated intracerebrally 
with poliomyelitis virus and killed in the 
preparalytic period when marked spasticity 
was present in the muscles of the legs, as 
well as elsewhere, no lesions were present 
in complete serial sections of the lumbo- 
sacral cord In an additional similar case 
it was also found that no virus was present 
m the lumbosacral cord In all cases severe 
lesions were already present m most of the 
brain centers usually involved, and neuronal 
destruction was especially severe in the mid- 
brain tegmentum, reticular formation of the 
hindbrain, and in the vestibular nuclei It is 
concluded that lesions m the brain alone 
can produce the spasticity of acute polio- 
myelitis The pathological origin of this 
symptom is discussed, and evidence cited for 
the possible causative role of lesions in brain 
stem centers, especially the reticular forma- 
tion * 

* While this pipei was m pi ess, Dr Isabel Mor 
gan i timnded the luthoi that Bodian and HowelS 
hi 1940 (ji 132) described two relevant rhesus 
monkc}s killed in the preparal}tic stage following 
liitiascntic \ irus inoculation When killed these 
lnimals had geneialized prodiomal muscle 
tenseness, although lesions had not progressed 
lostrnllj bejond the midbrain tegmentum in one 
case oi the hjpotlialamus in the other, so that no 
cortical lesions were found A resume} of serial 
sections of the central nenous system of both of 
these cases showed that lesions were absent in 
icstibulai nuclei, very light in the cervical cord, 
and aci} sei ere m the icticular foimation of the 
pons region 



174 


Cerebral Origin of Poliomyelitic Spasticity 


the results seen m Table II 

Histopathologwal Findings Segments of 
cord above and below the cervical block re- 
moved for virus, of various thoracic levels, 
and of the upper lumbar cord were imbedded 
in paraffin, sectioned serially at IS p, stained 
with gallocyanin, and examined Cord from 
Cl to C3 contained numerous lesions of 
poliomyelitis, including perivascular and dif- 
fuse leucocytic infiltration, and chromatolysis 
and phagocytosis of nerve cells Sections of 
cord at T2, T3, T5, T9, Til, T12, LI, and 
L2 were quite free of any lesions of 
poliomyelitis 

The brain was imbedded in celloidin and 
sectioned at 60 ju Every 20th section was 
stained with gallocyanin and examined A 
typical distribution of severe focal and dif- 
fuse infiltrative lesions and of neuronal de- 
struction was found Neuronal destruction 
and inflammatory changes were particularly 
severe m the reticular formation, especially 
in the pons region, and in the vestibular 
nuclei Severe changes were also present in 
the midbrain tegmentum, in the fields of 
Forel, and m the substantia nigra Lesions 
in the above-mentioned centers were roughly 
equal on both sides, but m the forebram 
there was a predominance of lesions of moder- 
ate intensity' in the left dorsal thalamus and 
in the left pre- and postcentral cortex 
Lesions in the right thalamus and cortex were 
very few in number, and in fact absent m 
most sections examined 

Summmy oj Expcnment B430 The fail- 
ure to obtain virus from the lumbar enlarge- 


spinal cord Although the lesions in the 
cervical cord could have affected the long 
propnospinal neurons connecting with moto- 
neurons in the lumbar cord, this is doubtful 
since the lesions in the cervical region were 
quantitatively very mild Severest damage 
m the brain in primate pohomy'ehtis including 
the greatest amount of nerve cell destruction 
most often occurs in the reticular formation 
of the hindbrain and in the vestibular centers 
These centers are connected with motoneurons 
of the spinal cord either directly or by way 
of internuncial neurons, as is well known 13 
Magoun has made the interesting observation 
that stimulation of the bulbar reticular forma- 
tion can have a generalized inhibiting effect 
on motor activity induced reflexly or by 
brain stem or cortical mechanisms, 14 and 
Wagley n has recently? introduced evidence 
for the production of spasticity in rhesus 
monkeys by? reticulospinal tract section i 
These findings suggest that it is the severe 
lesions in the reticular formation in acute 
poliomyelitis which may be at least m part 
responsible for generalized spasticity, because 
of destruction of many “inhibitory” neurons 
It is also of interest that all of the animals 
described in this account had alliost fully 
developed pathological changes m the brain 
before limb paralysis was manifest 

1 1 JJcn d, D P C, ,7 Ncnrophysio] , 1941, 4, 115 
n Magoun, H W , Science, 1944, 100, 549 
is lYaglei, P F, Bull Johns Boplms Hosp , 
1945, 77, 218 

H The cells of origin of this ti net ire the laige 
licuions scattered m the central part of the 


ment or to find lesions in the thoracic or 


upper lumbar cord, whereas both lesions and 
virus were present in the cervical cord, is 
sufficient evidence that virus activity had not 
yet reached the lumbar cord in this animal 
Discussion The evidence cited in this re- 


ort indicates that neither virus activity nor 
;sions in the spinal cord are necessary 
"athogenetic factors for the production of 
pasticity m acute poliomyelitis The marked 
pasticity seen m the legs of the monkeys 
escribed in the absence of pathological 
han-es m the lumbosacral cord, must be 
ttnbuted to the pathological changes pres- 
nt in the bram or cervical region of the 


icticulai foitnntion from the lciel of tlie superior 
colliculus caudnlward l c In a rhesus nionhc) 
piepared by Dr Howard A Howe and surwvmg 8 
days aftci heinisection of the spinal cord at the 
first cervical segment, I found extensile and se 
acre chromatohsis in these cells The clironntoly 
sis was bilateral but predominant!) ipsilateral 
It was estimated from counts made of every 
twentieth section of a 30 ^ series, that the number 
of reticulospinal neurons on each side was of the 
ordci of one thousand It is like!) that these 
tells are part of a chain of neurons which form 
at least part of the e-rtrapy rnmidal pathways fi om 
motor cortex to spinal cord (see renew of HincsW) 
lopapez, J IV, J Comp Near, 1920, 41, 36S 
l" Hines, M, Biol Xcv , 1943, 18, 1 
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Fig 1 

Case I lllustmting the tjpieal response to folie acici concentrate 
gi\en ornll} 


istic changes m the bone marrow took place 
as early as the fourth day Megaloblastic 
erythropoiesis yielded to a normoblastic pat- 
tern and the cellularity of the femoral mar- 
row increased markedly 
With improvement in the blood picture, the 
clinical symptoms disappeared, the appetite 
improved and healthy color returned gradual- 
ly The spleen usually remained palpable 
for some time A second course of folic acid 
or injections of purified liver extract pro- 
duced no appreciable additional response 
We consider therapy with folic acid specific 
in this type of anemia because (1) it pro- 
duces an adequate reticulocyte response, fol- 
lowed by a marked, lasting improvement in 
the red blood counts and hemoglobin values, 
(2) equally important, the megaloblastic pat- 
tern of the bone marrow is transformed into 
a normoblastic one Analogous changes oc- 


cur in Addisonian pernicious anemia after 
specific therapy with liver extract 12 and, 
recently, hav been shown in nutritional 
macrocytic anemias of adults 3 4 

The genesis of this disturbance which is 
specifically influenced by folic acid remains 
obscure 

Conclusion Certain macrocytic anemias 
of infancy, characterized by megaloblastic 
erythropoiesis respond specifically to folic acid 

i Jones, 0 P , in Dovnei H , Handbook of 
Hematology, Yol 3, p 2045, Paul H Hoelier, Inc , 
New York, 1938 

-Xacgeli, 0, TTicn Klin TTochnsch, 1935, 48, 
225 

" Spies, T D , Yilter, C S Kocli, X B , and 
Cildnell, M H, Southern lied J , 1943, 38, 707 

4 Mooi e, C V , Yiltei, E, llinnicli, V, and 
Spies, T D,J Lab Clin Mccl , 1944, 29, 122G 
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Folic Acid Therapy in Maciocytic Anemias of Infancy 

Wolf W Zuelzer, and F N Ogden (Introduced by Icie G Macv ) 
Fiom the Alievna Clinic of the Chihhcn ’s Hospital of Michigan, Vctioit, and the 
Ttcpcutment of Pediatries, Wayne Umicisity College of Medicine 


The clinical and hematological picture of 
macrocytic anemias of infancy has not been 
sharply defined Favorable responses to liver 
extracts have been reported sporadically In 
studying infants with macrocytic anemia char- 
acterized bv a megaloblastic type of ery- 
thropoiesis we treated a number of cases with 
folic acid in the form of a concentrate pre- 
pared from liver, “L Casei facto r,” or with 
synthetic folic acid * This report presents 
the results obtained with the 4 patients for 
whom the data have been calculated A full 
report on the entire group, presenting the 
morphologic criteria used in determining this 
type of anemia, with a review- of the litera- 
ture, is now- in preparation 

The patients were w-hite infants, ranging 
from 2 to 12 months m age, one male and 
3 females 411 came from average homes 
and had been well cared for They had re- 
ceived good diets, supplemented by cod liver 
oil and orange juice in adequate amounts 
One patient (Case 3), born prematurely, had 
w-eighed 4 pounds at birth The others had 
been full-term babies 

The clinical picture w-as not characteristic 
All patients had a short history of vomiting, 
anorexia and pallor, as a rule preceded by 
signs of an upper respiratory infection and 
fever, which usually persisted Three pa- 
tients had had mild diarrhea, 2 had been 
treated with sulfadiazine 

The pertinent findings of the physical ex- 
amination on admission to the hospital were 
marked pallor, usually slight cardiac enlarge- 
ment and a soft systolic murmur The spleen 
was moderately enlarged and firm 

After admission, daily complete blood counts 
were made Hemoglobin was determined as 
oxv hemoglobin with the Evelyn photoelectric 
colorimeter Reticulocyte counts were ob- 

through 

the courtesy of the Lederle Laboratories 


tamed by the “dry” method Bone marrow 
was aspirated from the lower end of the 
femur on admission and at intervals during 
the period of observation The liquid marrow 
was heparinized, centrifuged and the vol- 
umetric pattern determined Smears of the 
buff) coat were stained wath modifications 
of the Romanow-sky stam and differential 
counts of at least 500 nucleated cells were 
made 

All patients had severe macrocytic anemia, 
accompanied by moderate to marked diminu- 
tion of the blood platelets Case 2 showed 
mild leukopenia and neutropenia 4 few' 
nucleated red cells were invariably present 
in blood smears and often suggested a 
megaloblastic origin The bone marrow was 
characterized by a megaloblastic type of ery- 
thropoiesis and changes in the granulocytes 
closely resembling, but not identical with, the 
marrow lesion in Addisonian pernicious ane- 
mia Volumetric readings indicated moderate 
hypoplasia rather than hyperplasia 
In 3 cases blood transfusions were deemed 
necessary These w-ere follow-ed bv tem- 
porary increases m hemoglobin and red blood 
cells Before treatment w-as started the 
hemoglobin level had begun to fall Treat- 
ment with folic acid was not begun until 
preliminary observation had established the 
absence of a spontaneous reticulocytosis 
The response to folic acid was charac- 
terized by a rise in the reticulocyte count 
on the third or fourth dav, which reached a 
maximum on the sixth or seventh day and 
was follow-ed by steady rises in the hemoglobin 
values and red blood cell counts The curves 
were virtually identical with those obtained 
m pernicious anemia following adequate treat- 
ment w-ith purified liver extract (Fig 1) 
The hemoglobin tended to reach normal levels 
m approximately 3 weeks The platelets be- 
came plentiful within one week Character- 
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monochloroacetic acid, and within 2 hours 
almost completely abolished The effect of 
di- and trichloroacetic acids, while clearly 
defined, is much weaker and more delayed 
It is important to note that here, as at all 
other concentrations studied, the order of 
decreasing effect on respiration is monochloro- 
acetic acid > dichloroacetic acid > trichloro- 
acetic acid Acetic acid in the range of 0 01M 
to 0 001M showed no effect 

Within the range of 0 001M to 0 03M, the 
depression of respiration by mono- and 
dichloroacetic acids is maximal there is no 
indication of a progressively increasing effect 
with increasing concentration Within the 


range of 0 001M to 0 00005M there is a 
gradually decreasing effect, which ceases be- 
low 0 00005M for both acids This is a 
concentration of the order of 5 to 10 gg 
per milliliter of Ringer solution At a con- 
centration below 0 005M no effect of trichloro- 
acetic acid has been noted, and at 0 01M evi- 
dences of tissue coagulation have been seen 

Summary At the concentrations studied 
monochloroacetic acid produces a marked de- 
pression m the respiration of mouse liver 
slices The order of decreasing effect of the 
3 acids is monochloroacetic > dichloroacetic 
> trichloroacetic Acetic acid has no effect 
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From the Deportment of Surgery, II ule University School of Medicine, Durham, K C , 
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It is generally recognized that nonspecific 
positive reactions in tests for syphilis may 
occur with human sera from normal indi- 
viduals 1 2 and from individuals affected with 
certain diseases 3-5 and conditions not asso- 
ciated with syphilis The belief has arisen 
among serologists that nonspecific positive 
reactions are associated with hyperglobuhn- 
emia, and the presence of a high serum pro- 

* The work described m this piper was done 
under contract, recommended bj the Committee 
on Medical Research, between the Office of Scicn 
tific Research and Deielopment and Duke Uni 
versity 

1 Eagle, H, Am J Syph , 1941, 25, 7 

2 Mohr, C F , Moore, J E , and Eagle, H , 
Arch Int Med , 1941, 08, 898 

3 Mohr, C F, Moore, I E , and Eagle, H, 
Arch Int Med , 1941, 08, 1101 

* Ilazen, H H , Parran, T , Sanford, A H , 
Senear, F E , Simpson, IV M , and Vonderlehr, 
R A , Internal J Leprosy, 193G, 4, 315 

5 Davis, B D , Medicine, 1944, 23, 359 


tem or globulin content has been suggested® 
as a criterion of the nonspecificity of a posi- 
tive reaction 

The disease, kala-azar, is characterized in 
part by hyperglobulmemia" associated with 
the presence m high concentration of abnor- 
mal euglobuhn, which gives rise to the formol- 
gel 8 reaction and a cold-precipitable pathologi- 
cal globulin 0 In this disease, also, there has 
been reported 10 the occurrence of nonspecific 
positive reaction m tests for syphilis Re- 
cently, in connection with a comparative study 

® Cirdon, L , and Atlas, D H , with the assistance 
of Aron, E , Brunner, M J , Tcitelman, S L , and 
Bunata, J , Arch Dermat and Syph , 1942, 46, 713 

iLlovd, R B, and Paul, S N, Indian J Med 
lies, 1928 1929, 1G, 203 

8 Napier, L E , Indian J Med Fes , 1921 1922, 

0, 830 

o W ertheimer, E , and Stem, L , J Lab and Clin 
Med , 1944, 29, 1082 

Grcv ll, S D S , Gupta, PCS, and Napier, 
L E , Indian J Med Fes , 1939 1940, 27, 181 
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Effect of Acetic, Monochloroacetic, Dichloroacetic, and Trichloroacetic 
Acids on CKygen Consumption of Mouse Liver 

Edwin P Laug (Introduced by 0 Garth Fitzhugh ) 

From the Division of Pharmacology, Food and Drug Administration, Federal 


Security Agency, 

From acute oral toxicity data in mice, rats 
and guinea pigs 1 it has been shown that 
monochloroacetic acid is from 25 to 40 times 
as toxic as acetic acid and its di- and tnchloro 
derivatives It has not been determined from 
these studies what causes death nor have 
chronic feeding experiments indicated an> 
clearly defined functional or organic derange- 
ments While the effect of monoiodoacetic 
acid on the glycolytic and oxidative functions 
of tissues has been amply demonstrated, such 
information on monochloroacetic acid is at 
best somewhat meager It has been recorded 
that monochloroacetic acid has cholagogic 
action 2 and Lundsgaard 3 states that in com- 
parison to monoiodoacetic acid, mono- 
chloroacetic acid inhibits yeast fermentation 
only feebly The present experiments were 


Washington, D C 

undertaken to determine what effect, if any 
mono-, di- and trichloroacetic acid would have 
on the respiration of liver tissue 

Method Liver slices from well fed young 
adult mice were used Oxygen consumption 
was measured by the standard Warburg pro- 
cedure at 37 5°C Acetic, mono-, di-, and 
trichloroacetic acids W’ere neutralized and di- 
luted in phosphate buffered glucose-Ringer, 
so that the final concentration m contact 
with the liver slice ranged from 0 03M to 
0 00005M The pH of all solutions was ad- 
justed to 7 4 

Results Fig 1 shows in graphic form the 
typical effects of mono-, di-, and trichloro- 
acetic acids at 0 0005M concentration on the 
respiration of mouse liver slices Respiration 
is promptly and precipitously reduced by 



2 3 


HOURS 


Fig 1 

Effect of 0 005M mono , di , and trichloroacetic acids on oxjgen consumption of mouse liver 
slices Temp 37 5° C, pH 7 4 - 


i Woodard, G, Lange, S W , 

and Calverj, H 0,J Indust By 9 


Nelson, K W , 
and Tox , 1941, 


2 Chabrol, E , Charonnnt, R , Manmin, M , and 
Waitz, R, Compt rend Soc Biol, 1931, IOC, 17 

3 Lundsgaard, B, Biochem Z , 1932, 250, 61 
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monochloroacetic acid, and within 2 hours 
almost completely abolished The effect of 
di- and trichloroacetic acids, while clearly 
defined, is much weaker and more delayed 
It is important to note that here, as at all 
other concentrations studied, the order of 
decreasing effect on respiration is monochloro- 
acetic acid > dichloroacetic acid > trichloro- 
acetic acid Acetic acid m the range of 0 01 hi 
to 0 00 1M showed no effect 

Within the range of 0 001 hi to 0 03M, the 
depression of respiration by mono- and 
dichloroacetic acids is maximal, there is no 
indication of a progressively increasing effect 
with increasing concentration Within the 


range of 0 OOlhl to 0 OOOOSM there is a 
gradually decreasing effect, which ceases be- 
low 0 OOOOSM for both acids This is a 
concentration of the order of 5 to 10 jug 
per milliliter of Ringer solution At a con- 
centration below 0 0Q5M no effect of trichloro- 
acetic acid has been noted, and at 0 01M evi- 
dences of tissue coagulation have been seen 

Summaiy At the concentrations studied 
monochloroacetic acid produces a marked de- 
pression in the respiration of mouse liver 
slices The order of decreasing effect of the 
3 acids is monochloroacetic > dichloroacetic 
> trichloroacetic Acetic acid has no effect 
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G R Cooper, Charles R Rein, and J W Beard 
From the Department of Surgery, Date University School of Medicine, Durham, X C , 
and the Division of Serology, Army Medical School, Army Medical Center, 
Washington, D C 


It is generally recognized that nonspecific 
positive reactions in tests for syphilis may 
occur with human sera from normal indi- 
viduals 1 2 and from individuals affected with 
certain diseases 3 - 5 and conditions not asso- 
ciated with syphilis The belief has arisen 
among serologists that nonspecific positive 
reactions are associated with hyperglobuhn- 
emia, and the presence of a high serum pro- 

* The work described in this paper ms done 
under contract, recommended bj the Committee 
on Medical Research, between the Office of Scion 
tific Research and Deielopment and Duke Urn 
versitj 
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2 Mohr, C F , Moore, J E , and Eagle, H , 
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tern or globulin content has been suggested 0 
as a criterion of the nonspecificity of a posi- 
tive reaction 

The disease, kala-azar, is characterized in 
part by hyperglobuhnemia" associated with 
the presence in high concentration of abnor- 
mal euglobuhn, which gives rise to the formol- 
gel 8 reaction and a cold-precipitable pathologi- 
cal globulin 0 In this disease, also, there has 
been reported 10 the occurrence of nonspecific 
positive reaction in tests for syphilis Re- 
cently, in connection with a comparative study 

6 Cardon, L , and Atlas, D H , mth the assistance 
of Aron, E , Brunner, M J , Teitelman, S L , and 
Bunata, J , Arch Dcrmat and Syph , 1942, 40, 713 

7 Lloyd, R B , and Paul, S N , Indian J Med 
Fes, 1928 1929, 10, 203 

8 Rapier, L E , Indian J Med Ses , 1921 1922, 
9, S30 

9 Wertheimer, E , and Stein, L , J Lab and Clin 
Med , 1944, 29, 1082 

10 Grer il, S D S , Gupta, P C S , and Napier, 
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TABLE I 

Pucentige Distnbution, Comcntintinn aid Mobilities of the Components of 
Normal and Kata azar Human Sera 


Components 


Globulins 


Electrophoresis Albumin 



S imple 

Sci um 

bolution 

A 

ai 

aj 

P 

/ 

% 

477 



217 

30 

34 

78 

641 

Distnbution 

490 



50 3 

2 3 

11 6 

74 

2S4 


Nonml* 



00 0 

3 6 

9 1 

12 5 

14 S 

Piotcin 

477 

12 1 

2 88 

2 G2 

0 36 

0 41 

0 95 

7 7b 

Com mtr ition 

499 

8 f>5 

2 58 

4 35 

0 20 

1 00 

0 64 

2 46 

gm pei 100 ml 

Noun'll*' 

7 23 

— 

4 34 

0 26 

0 66 

0 90 

1 07 

Mobility 

477 



5 SS 

5 00 

3 94 

2 79 

0 IS 

—/i X 10"- 

499 



5 98 

5 04 

3 91 

3 OS 

0 62 

om-’su-b olt-i 

Noimil* 



6 0S 

5 04 

3 93 

2 97 

127 


* A-sg values of 13 noimal hum in seia U 


of syphilitic and nonspecific positive sera, 11 
an opportunity was afforded for the examina- 
tion of a serum from each of 2 patients with 
kala-azai Electrophoretic analyses were 
made of the distribution, concentration and 
mobilities of the serum protein components, 
and the sera were thoroughly studied with 
a battery of serodiagnostic tests for syphilis 
The results of these electrophoretic and 
serological studies are reported in the present 
paper 

Materials and Methods The serai were 
obtained from 2 patients in whom the diagno- 
sis of kala-azar was established by the re- 
coveiy of Leishman-Donovan bodies by punc- 
ture of the spleen and sternal marrow One, 
Serum 477, was from a 23-year-old colored 
male, CWY, who became ill February 28, 
19 44 The serum proteins were consistently 
elevated to levels reaching 12 g per 100 ml 
The blood for electrophoretic analysis was 
drawn September 8, 1944, while the patient 
was still clinically ill The second patient, 
Serum 499, was a 24-year-old white male, 
A W F , who had malaria m the summer of 
1943 and typhoid m January, 1944 The 
onset of kala-azar occurred in April, 1944 

' m(1 Btald ’ J w ’ 


m pi ess 

i The sen and histones of the patients were 
mowded tlnougli tlie genciositj of Cnpt James 
1 „ * us Wilter Beed Geneial 

Liebiwvnu, M c , ' 

Hospital, Washington, DC 


The total serum protein and globulin con- 
tents were 6 7 and 3 35, 8 9 and 4 3, and 
7 75 and 2 75 gm per 100 ml in July, August 
and October, respectively The serum for 
the present studies was drawn on November 
17, 1944, about 30 days after abatement of 
the disease 

Electrophoresis v-as carried out as previ- 
ously described 11 12 at 1° in barbital buffer 13 
at pH 8 6 and 0 1 ionic strength The period 
of migration of Serum 477 was 234 minutes 
at 5 95 volts per cm and of Serum 499, 180 
minutes at 6 42 volts per cm The patterns 
representing the migrating boundaries were 
recorded by the method of crossed slits de- 
scribed by Svensson 14 

The serum was prepared for electrophoresis 
by dilution with the barbital buffer to ap- 
proximately 2% protein content and dialysis 
against frequently changed buffer at 2 to 8° 
Protein concentrations were determined by 
the fadmg-drop procedure 13 standardized by 
Kjeldahl analyses 

Component analyses were made from 
measurements in photographic enlargements 
of the electrophoretic diagrams m which the 
components were separated by vertical lines 

l-Slnip, D G, Tajlor, A B, Bend, D, and 
Beard J V, , J Biol Chcm , 1942, 142, 193 
w Longswortli, L G , Chcm Bci , 1942 30,323 
u Svensson, H, Kolloul Z , 1940, 90, 141 
13 Ji.arbom, H G, and Hamilton, W F , J Biol 
Chem , 192G, 09, 025 
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DESCENDING BOUNDARIES 

Fig 1 

Electroplioietic pattuns of Imnnn setum from a noimal lixlnidual and tiom 2 patients diseased 
with kala azar 


to the base at the minima between the 
peaks 11 The respective areas were bounded 
by the mid-line of the curve above and the 
mid-line of the base below The mobilities 
of the various components were calculated 
from the distances measured from the start- 
ing point of migration to the maximum or- 
dinates of the respective peaks 13 Calcula- 
tions were made for both ascending and 
descending sides and the values given in 
Table I are the average of the 2 sets of data 

The sera of both patients were subjected 
to serologic examinations with a battery of 
6 serodiagnostic tests, including the Kline 
diagnostic, Klme exclusion, Boerner-Jones- 
Lukens, Mazzini, Kahn and Kolmer pro- 
cedures The tests were made on other sera 
drawn in August, September and October 
of 1944 in addition to the 2 sera on which 
the electrophoretic studies were made 

lr Tischus, A , and K ibat, E A , J A xp Med , 
1^30, 09, 110 


Further, the blood specimen, Serum 477, 
drawn from patient CWF on September 8, 
1944, w T as also subjected to chemical fractiona- 
tion bv Dr Hans Xeurath, Duke University 
School of Medicine, and each fraction, the 
albumin and the GI, GII and GUI globulins, 
was tested xvith the 5 flocculation procedures 
enumerated above Formol-gel tests s were 
made on both of the sera 

Results Electrophoretic patterns of the 
ascending and descending boundaries of the 
kala-azar sera and of a normal 11 serum for 
comparison are reproduced m Fig 1 The 
pattern of Serum 477 reveals a y globulin 
peak much greater in height and area than 
the albumin peak In addition, there is 
pronounced skewing of the y globulin peak 
to the slow side and diffuseness of the curve 
on the fast side The percentage distribu- 
tion and actual concentration of the com- 
ponents of Serum 477 are given m Table I 
It is seen that the y globulin fraction was 
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about 7 times the normal value, 11 while the sarcoidosis, 20 21 tuberculosis,- as w ell as other 
albumin was less than one-half the normal pathological states, 23 - 23 the rise m / globulin 

The other electrophoretic fractions showed is associated with the entire normal y globulin 
insignificant deviation from the concentra- region The findings indicate the presence 
tions observed in normal serum m human kala-azar serum of a y globulin 

The mobilities of the proteins of Serum component not previously observed in human 
477 (Table I) were the same as those of the serum \ y globulin 20 component of low 
components of normal serum, 11 except m mobility has been observed, however, m the 
the instance of the y globulin fraction The serum of rabbits hyperimmumzed with 
mobility of this fraction was outside the Type 1 pneumococci 

limits of the mobility usually associated with The possible relation between the abnormal 
normal human y globulin 11 The diffuseness y globulin and the globulins giving the 
m the curve in the early part of the y peak formol-gel reaction® or precipitating m the 
indicates the presence of the normal y com- cold 0 is subject only to surmise Since the 
ponent formol-gel test was negative, the abnormal y 

Similar abnormalities but of less degree globulin could not have been representative 
were observed in the proteins of Serum 499 °f whole of the material responsible for 


The y globulin peak was sharply heightened 
and skewed to the slow side of the y globulin 
region There was little suggestion of dis- 
turbance of the curve corresponding to the 
region of the normally behaving y globulin 
In percentage composition (Table I) the y 
globulin fraction was double the normal, and 
the albumin and fi globulin fractions were 
slightly less than normal The actual con- 
centrations of the components (Table I) 
showed that no significant changes from the 
normal had occurred except in the y globulin 
fraction The p anomaly peak 1 - 1 was absent 
Mobilities of the components were within the 
normal range except that of the y globulin 
fraction, which was found to be the same as 
in Serum 477 

The serodiagnostic tests on all of the serum 
samples investigated were uniformly nega- 
tive and so, too, were the tests of the albumin 
and GI, GII and GUI globulins obtained 
by chemical fractionation The sera, like- 
wise, were negative to the formol-gel test 

Dtscusston The abnormalities of the y 
<dobulm component of kala-azar sera differ 
Greatly from those of the serum of patients 
with other diseases involving the liver and 
spleen 17 ' 18 In syphilis, 11 rheumatic fever, 18 

lTlluetsclier, J A , Jr , J Chn Invest, 1940, 


19, 313 

18 Graj , S J , 


anti Banon, E 


Invest , 1943, 22, 191 

19 Rutstem, D D , Clarke, 
jj M, Science, 1945, 101, 669 


F 


S 

H, 


G , J Chn 
and Taran, 


this reaction The cold-precipitable euglobu- 
lin, which may persist after recovery, may 
have contributed to the y globulin The 
electrophoretic abnormalities, pronounced dur- 
ing the course of the disease and still present 
m the convalescent serum, may prove on 
further investigation to be unique with kala- 
azar and of greater diagnostic significance 
tnan the formol-gel test or cold precipitation 
The nonspecific positive reactions in tests 
for syphilis seen in a variety of nonsyphihtic 
diseases and conditions may be due to the 
presence of antibody-like substances similar 
to the antibodies produced in syphilitic dis- 
ease, to an increase or alteration of some 
chemical substance or substances m the blood, 
or to an increase or alteration of the sero- 
globulin fraction Cardon and Atlas 0 in- 
vestigated a series of 34 patients with hyper- 
protememia, of which 8 gave nonspecific 
positive reactions for syphilis These au- 

20 Seibert, F B , and Nelson, J W , Am Eev 
Tuherc , 1943, 47, 66 

er Fisliei, A M, and Davis, B D, Bull Johns 
Uophins Hosp , 1942, 71, 364 

-- Seibert, F B, and Nelson, J W , J Biol 
Chon , 1942, 143, 29 

23 Longsn ortli, E G, Sbedloiskj, T, and Mac 
Innes, DA,/ Exp Med , 1939, 70, 399 

21 Luetscher, J A , Jr , ,7 Clin Invest , 1941, 20, 
99 

2a Sbedlovskj, T, and Scndder, J, J Exp Med, 
1942, 75, 119 

-Gian der Sclieer, J, Bolinel, E, Clarke, F H, 
and Wickoff, R W G, / Immunol , 1942, 44, 165 
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thors believe that blood protein studies should 
be instituted when a nonspecific positive 
reaction is suspected and that care should be 
taken in the interpretation of a positive 
serologic reaction for syphilis m the presence 
of conditions with hyperprotememia and 
hyperglobulmemia Proven syphilitics may 
also show 11 a hypergammaglobulinemia and 
patients with kala-azar, as shown m the pres- 
ent work, and sarcoidosis 27 may have hyper- 
globulinemia associated with negative serologic 
reactions for syphilis The mere presence or 


21 Cooper, G E , Rem, C E , mil Bend, J IV , 
unpublished obsen ations 


absence of hyperprotememia, hyperglobuhn- 
emia or hypergammaglobulinemia is not suf- 
ficient to prove or disprove the specificity 
of positive serologic reactions for syphilis 
Summary The electrophoretic patterns of 
2 human kala-azar" sera revealed the pres- 
ence in high concentration of a unique, ab- 
normal component migrating with the y 
globulin of the slowest mobility The kala- 
azar sera, negative to serological tests for 
syphilis, provide instances which show that 
the presence of hyperprotememia, hyperglobu- 
linemia or hypergammaglobulinemia cannot 
be used to prove or disprove the specificity 
of positive serologic reactions for syphilis 
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F Schlenk, A Fisher, and E E Snell 
From the M D Anderson Hospital for Cancer Scscarch, University of Texas, Houston, 
and the Department of Biochemistry, College of Agricultui e, University of Wisconsin, 

Madison 


Glutamic-aspartic transaminase is an en- 
zyme which catalyzes the reaction 1 (-f-) 
glutamic acid + oxaloacetic acid ;=2 a-keto- 
glutaric acid + 1 ( — ) aspartic acid The 
prosthetic group of this enzyme is a derivative 
of vitamin Bg, 1 2 probably identical with code- 
carboxylase 4 Since pyndoxme, pyridoxal and 
pyridoxamine are very sensitive to light, 0 ' 0 ' 7 

* Published w ith the approval of the Director 
of the Wisconsin Agricultural Experiment Sta 
tion Reported at the D ill'is Meeting, South 
western Section, on October 20, 1945 

1 Schlenk, F , and Snell, E E ,3 Biol Chem , 
1945, 157, 425 

2 Schlenk, E , and Fisher, A , Arch Biochem , 
1945, 8, 337 

SLichstem, H C, Gunsalus, X C, and TJmbreit, 
W W , J Biol Chem , 1945, 101, 311 

4 Green, D E , Leloir, L F , and Nocito, V , 
J Biol Chem , 1945, 161, 559 

5 Hoehberg, M , Melmch, D , Siegel, L , and 
Oser, B L,J Biol Chem , 1943, 148, 253 

« Hoehberg, M , Jlelmch, D, and Oser, B L, 
J Biol Chem, 1944, 155, 129 

7 Cunningham, E, and Snell, E E , J Biol 
Chem , 1945, 158, 491 


it was expected that transaminase preparations 
would also be inactivated by irradiation 
It was found that sunlight destroys the 
enzymatic activity at about the same rate as 
it inactivates the vitamin B c present m the 
preparations (Table I) The destruction by 
ultraviolet light is much more rapid (Table 
II) The effect of X-rays on transaminase 
was also investigated Vitamin Bg has been 
considered as a remedy for X-ray sickness 8 ' 9 
It was found that X-ray irradiation m 
therapeutic and higher doses has no effect 
on transaminase activity Therefore, the 
possible therapeutic value of vitamin Bg m 
this condition cannot be explained in terms 
of a restoration of inactivated transaminase 
Experimental Procedures For the de- 
termination of transaminase activity the pro- 
cedures developed by Cohen 10 were used 
The enzyme was purified according to the 

SMaxfield, J E Jr, Mellvam, A J, and 
Robertson, J E , Badiology, 1943, 41, 383 
» Gendreiu, J E , and Lafleur, L, Union med du 
Canada, 1944, 73, GG6 

io Coben, P P , J Biol Chem , 1940, 136, 565 
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method outlined earlier 2 which \ ields solu- 
tions with no absorption in the visible part 
of the spectrum 

Irradiation by Sunlight For irradiation 
by sunlight large open Petri dishes were 
placed in an icebath The light path was 
0 4 cm , irradiation w T as from 1 PM to 
4 PM, May 14, 1945, 29° North latitude 
At the times given m Table I samples were 
withdrawn for the determination of transa- 
minase and for the microbiological assay of 
the B ( vitamins 11 

Microbiological assay was carried out fol- 
lowing 15 minutes autoclaving of the sample 
with N/10 sulfuric acid No attempt at dif- 
ferential assay 12 for various members of the 
vitamin B 0 group w r as made, since the rela- 
tive activity of the coenzyme for the various 
organisms and the conditions w’hich effect 
its complete hydrolysis and release from the 
protein molecule with which it is associated 
are at present unknown 4 The figures 
given in Table I represent the total vitamin 
B c per gram of protein as indicated by as- 
say wuth each organism against the appro- 
priate standard 

Irradiation by Vltiaviolet Light For ul- 
traviolet irradiation a quartz mercury lamp 
(General Electric Co, Model F, 400 watt) 
was used The distance between the lamp 
and the solution was 45 cm Otherwise the 
procedure outlined above was followed For 
comparison solutions of pyridoxme, pyridoxal, 
and pyndovamme (10 7 per ml) were ir- 
radiated under the same conditions The 
destruction was determined using the color- 
imetric reaction of Swammathan 13 in the 
modification of Bma, Thomas, and Brown 14 
The inactivation as recorded m Tables I 
and II is not due to hydrogen peroxide The 
hydrogen peroxide concentration m distilled 
water irradiated by ultraviolet light under 
the same conditions for 30 minutes remained 
below 6 X 10' 3 moles per liter We found 

11 Snell, E E, md Rmnefeld, A N, J Biot 
Client , 1945, 157, 475 

12 Snell, EE , J Biol Client , 1943, 157, 491 

13 Swmnmtlim, M, Nature (London), 1940, 
145, 780 

u Bim, A F , Tliormg, J M , md Brown, E B , 

J Biol Cliem , 1943, 148, 111 
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TABLE II 

Iincfn ition of Triiisamimse tnd of Vit mini Bn I n Ultmiokt Light 


Imdntion 
(nnn ) 

Tnnsaiminse 

actmti 

% 

Vitamin B ( , compounds 


Pyiidoxal 

r 

Pmdoxaimne 

/ 

P\ i ldovne 

/ 

0 

37 2 

40 0 

40 0 

40 0 

G 

10 3 

SO 

IS 5 

J 4 3 

10 

43 

2 1 

OS 

S 0 

15 

1 0 

1 2 

5 0 

43 

30 

<1 

00 

2 9 

0 8 


that transaminase is rather resistant to hy- 
drogen peroxide The stability of the mem- 
bers of the vitamin Bo group has been re- 
ported earlier' The inactivated enzyme was 
not reactivated by addition of pyndoxine, 
ptridoxal, pyridoxamme, or boiled tissue ex- 
tract 

Inadtalton by X-rays The conditions 
nere as follow t 200 K V , 16 milliamp, 50 
cm distance, filter, 2 5 mm A1 inherent in 
tube, none added Since no appreciable in- 
activation of transaminase (Table III) was 
observed, no vitamin B 0 determinations were 
carried out 

Summary Glutamic-aspartic transaminase 

t The authors are indebted to Dr T G Bussell 
foi eollaboiation 


TABLE III 

Altai In idntion of liansaiminse 


Imdntion 
) units 

Tnnsaiminse actmty 
% 

0 

39 7 

500 

36 2 

1,500 

38 4 

4,000 

33 S 

7,000 

30 1 

10,000 

34 3 


is inactivated b\ sunlight and by ultraviolet 
light Destruction of enzymatic activity by 
these agents parallels the destruction of 
vitamin Bg, a derivative of which is present 
as the prosthetic group of the enzyme 1-1 
The irradiated enzyme is not reactivated by 
addition of pyndoxine, ptridoxal, py rid ex- 
amine or boiled tissue extracts Irradiation 
"ith X-ra\s leaves the enzyme intact 
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Biological Activity and Metabolism of d, 1-O-Heterobiotin in the Chick * 

P R Moore, T D Luckey, C A Elvehjeh, and E B Hart 
l<rom the Department of Biochenustiy College of Agriculture, Vmicmty of Wisconsin, 

Madison 


O-Heterobiotm, an oxygen analog of biotin, 
has biotin-like activity for the chick 1 and for 
rats fed egg white 12 Hofmann ct a! 1 found 
the d,l analog 10% as active as d-biotin m 
curing egg-white toxicity m rats and ap- 
proximately 6 and 20% as active in promoting 

Published mth the approval of the Director 
of the W lsconsm Agricultural Experimental Sta 
Lou Supported in part bi grants from the lYis 
consm Alumni Besearch Foundation and Swift and 
Company 

Be are indebted to Merck and Company, Bah 


growth in chicks when fed at different levels 
on a biotin deficient ration Rubin et al- 
found d,]-0-heterobiotm 5% as active as 
d-biotm in counteracting egg-white toxicity 
m the rat 

Since levels of 40 y of d,l-0-heterobiotin 

wax, X J, for crystalline vitamins, to Dr S H 
Bubin and Dr J A Aeschlimann of Hoffmann 
LnBoche, Inc , Xutlcv, X J for O heterobiotin, 
to Dr B L Hutchings of Lederlc Laboratories, 
Inc, for crystalline folic acid, to Abbott Labors 
tones, North Chicago, for halivcr oil, to E I 
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O-Heterobiotin in the Chick 


TABLE I 

Actn it} and Stonge of 3,1 0 Hetcrobiotin* in the Chick 


Group 

No 

Supplement pei 100 g 
biotin deficient basil 

No of sui 
mors at 

4 vks 

Ac g vt 
at 4 wks 

No of clucks 
liifli derma 
titis at 

4 wks 

d,l O Hetero 
biotin 
content of 

Ln er 

Leg 

muscle 




g 


7/g 

y/g 

1 

None 

111 

18 j 

11 

00 

00 

2 

2 5yd biotin 

0 

185 

3 



3 

5 y ” 

3 

205 

0 



4 

10 y ” 

5 

220 

0 



5 

20 y ” 

lit 

240 

0 

00 

00 

6 

5 y d,l O heteiobioun 

G 

180 

4 



7 

10 y ” 

G 

175 

2 



8 

20 y ” 

6 

195 

0 

03 

00 

0 

200 y ” 

6 

205 

0 



10 

500 y " 

4 

215 

0 

05 

00 

11 

1000 y ” 

6 

210 

0 

53 

0 2 


* d,l 0 Heterobiotm is compared with d biotin on a weight basis throughout this work If 
onlj the d form of the analog is actn e the a alues should be increased correspondingly 
t 12 chicks per group 


per 100 g of a biotin-deficient ration have 
given only partial responses m chicks 1 it 
was interesting to determine if higher levels 
could eventually give complete protection 
At the same time it was possible to study 
the distribution of the analog m chick tis- 
sues when graded levels of the compound 
were included in the diet 

Day-old White Leghorn cockerels were 
maintained m cages with raised screen bot- 
toms and heated by carbon filament lamps 
The chicks were fed a purified ration having 
the following composition dextrin 61 g, 
casein 18 g, gelatin 10 g, Salts V 3 6 g, soy 
bean oil 5 g, 1(— ) cystine 0 3 g, l-mositol 
0 1 g, choline chloride 0 15 g, thiamine hy- 
drochloride 0 3 mg, pyridoxine hydrochloride 
0 4 mg, riboflavin 0 6 mg, C a pantothenate 
2 mg, nicotinic acid S mg, 2-methyl-l,4- 
naphthoquinone 0 05 mg, a-tocopherol 0 3 mg, 
p-aminobenzoic acid 5 mg, and crystalline 
folic acid 0 05 mg Water and feed were 


(lu Pont de Nemours and Company, Inc , New 
Brunswick, N J, for crjstaUmc ntamiu D 3 , to 
Wilson and Compaq, Inc, Chicago, for gelatin, 
to Allied Mills, Inc, Peoria, 111, for soj bean 
ml and to Mr J Komln for technical assistance 
l Hofmann, K, McCoy, S H, Felton, J R, 
Axelrod, A E , and Pilgrim, F J , *»* ■ 


19 2Kubm, 9 £3 H, Flower, D, Rosen, F , and Drex 
ter, L , Arch Biochcm , 1945, 8, 79 


given ad libitum, and each chick received 
weekly one drop of a vitamin A and D con- 
centrate containing 1200 U S P units of vita- 
min A and 120 AO AC units of crystalline 
vitamin D 3 per drop After 3 days on the 
basal ration chicks within a 10 g weight 
range were divided into uniform groups of 
6 and given supplements of d-biotm or 
d,l-0-heterobiotm in the basal ration The 
feeding trials were terminated when the chicks 
were 4 weeks old and samples of liver and leg 
muscle were taken from 4 chicks in each 
group for O-heterobiotm analysis O-Hetero- 
biotm was determined by the differential 
microbiological assay of Luckey et al 4 
The average weight at 4 iveeks, incidence 
of dermatitis, and O-heterobiotm content of 
the tissues are summarized m Table I A 
comparison of the relative effectiveness of 
d,I-0-heterobiotm and d-biotm m curing 
dermatitis indicates that the d,I analog is 
about Yz as active as d-biotin However, 
m a comparison based on growth the activities 
varied inversely wuth the amount of analog 
fed 20 y of the d,l analog had an activity 
of approximately 20% With higher levels 
the activity fell off rapidly and values from 

3 Briggs, G 51 , Lucke} , T D , Eh ehjem, G A , 
and Hnrt, E B, J Biol Chem , 1943, 148, 163 
■iLiickej, T X), 5foore, P B, and Elvehjexn, 

C A, m press 
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0 5 to 3% were obtained It is apparent 
that a level of d/l-O-heterobiotin as high as 
1000 7 per 100 g of ration does not give a 
complete growth response in chicks on our 
biotm deficient ration and it appears that 
higher levels would not have afforded com- 
plete protection since the 1000 y level actually 
gave no better response than the 500 y 
level This failure of O-heterobiotin to com- 
pletely replace d-biotin for growth when it is 
highly active in the prevention of dermatitis 
indicates that the analog is capable of ful- 
filling only part of the function of d-biotin 
in the chick On the other hand, the plateau 
in growth observed above the 500 y level 
(compare group 11 to 10) suggests an in- 
hibitory effect of the d,l analog on growth 
In this connection, Luckey et al 4 have ob- 
served an inhibitory effect of low levels of 
d,l-0-heterobiotm on the growth of Stiepto- 
coccus jecahs Further experimental data are 
required to clarify this point 
The analyses for d,l-0-heterobiotin indicate 


that this compound does not occur naturally 
in chicks receiving our biotm deficient diet 
alone or when supplemented with d-biotin 
No appreciable accumulation of the d,l analog 
occurred in the livers of the chicks receiving 
O-heterobiotin until 1000 y were included in 
the diet It is interesting to note that this 
represents the same level at which a growth 
plateau was established Similarly, no 
O-heterobiotm could be detected in muscle 
tissue until the 1000 y level of the analog 
was reached 

Summaiy d,l-0-Heterobiotin has biotin- 
hke activity for the chick Levels of 20 y 
per 100 g of purified biotin-deficient basal 
ration give complete protection against 
dermatitis and some growth response The 
growth activity of the oxygen analog varies 
inversely with the level fed and growth com- 
parable to that on an adequate biotin diet 
was not obtained d,l-0-Heterobiotin can 
be detected in the liver and muscle tissue of 
chicks fed high amounts of this compound 
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The Inactixation of Streptomycin and its Practical Applications *j 

Walton B Geiger, Samuel R Green, and Selman A Waksman 
From Hie Few Jersey Agricultuial Fxpcumcnt Station, Few Bmnswicl , F J 


Because of the rapidly accumulating in- 
formation on the production, purification and 
practical utilization of streptomycin, 1 a 
knowledge of the effects of experimental con- 
ditions upon its activity is increasingly im- 
portant It is known, for example, that a 
weakly alkaline environment, namely pH 8 0 
to S 2, is favorable to the action of strep- 
tomycin and that acidic conditions are in- 
jurious Likewise, its activity is diminished 

* Journal Senes Pipei, New Teisee Agricultural 
Expenment Station, Eutgeis, Enneisitj Depait 
meat of Microbiology 

t P n tli suppoited bi -i gnnt mule to the Com 
monw ciltli Fund of New Yoik 

1 XV iksiinn, S A md Sell itz, A , J Jm Fhaim 
Assn 1043, 34, 273 

2 XViksni m, S \ , Eugie, E , md Sclntz, A , 
Fine Staff 1 tert lfdi/o Clone, 1044, 19, 537 


by the presence of glucose and of phosphates 
Cvsteine and several ketone reagents also in- 
activate streptomycin" 5 Since factors of this 
sort can be of importance in choosing media 
for the testing of the potency of streptomycin, 
in developing tests for the sterility of strep- 
tomycin preparations, and in other practical 
applications, it was believed desirable to re- 
investigate and extend some of the earlier 
observations The presence of reducing 
agents, such as cysteine and glucose, among 
the substances that inactivate streptomycin, 
as well as the observation that anaerobic 
bacteria are somewhat resistant to its activity, 
has suggested that special attention be paid 
to these conditions, in an effort to learn 
whether their effects are of a fundamental 

■> Dcnkcwntei, B , Cook, II , md Tishler, M, 
Sciatic, 1045, 101 , 12 
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TABLE I 

Actmtg anti Stonge of d,l 0 Heteiobiotm" m the Chick 


Group 

No 

Supplement per 100 g 
biotin deficient basal 

No of sui 
mois at 

4 wks 

Aag wt 
at 4 wks 

No of clucks 
with deinn 
titis at 

4 wks 

d,l O Iletero 
biotin 
content of 

Lner 

Leg 

muscle 




g 


y/g 

y/g 

1 

None 

111 

183 

11 

00 

00 

2 

2 5yd biotin 

6 

185 

3 



3 

5 y ” 

3 

205 

0 



4 

10 y ” 

5 

220 

0 



5 

20 y " 

Ilf 

240 

0 

00 

00 

c 

5 y d,l O lietei obiotm 

6 

180 

4 



7 

10 y ” 

G 

175 

2 



s 

20 y ” 

6 

195 

0 

03 

00 

9 

200 y ” 

6 

205 

0 



20 

500 y ” 

4 

215 

0 

05 

00 

11 

1000 y ” 

6 

210 

0 

53 

02 


* d,l 0 Heteiohiotin is compared with d biotm on a weight basis throughout this work If 
only the d form of the analog is aetne the i nlues should be increased coriespondmgly 
t 12 clucks per group 


per 100 g of a biotin-deficient ration have 
given only partial responses in chicks 1 it 
was interesting to determine if higher levels 
could eventually give complete protection 
At the same time it was possible to study 
the distribution of the analog in chick tis- 
sues when graded levels of the compound 
were included m the diet 

Day-old White Leghorn cockerels were 
maintained m cages with raised screen bot- 
toms and heated by carbon filament lamps 
The chicks were fed a purified ration having 
the following composition dextrin 61 g, 
casein 18 g, gelatin 10 g, Salts V 3 6 g, soy 
bean oil 5 g, 1( — ) cystine 0 3 g, i-inositol 
0 1 g, choline chloride 0 IS g, thiamine hy- 
drochloride 0 3 mg, pyridcrane hydrochloride 
0 4 mg, riboflavin 0 6 mg, Ca pantothenate 
2 mg, nicotinic acid 5 mg, 2-methyl-l,4- 
naphthoqumone 0 05 mg, a-tocopherol 0 3 mg, 
p-aminobenzoic acid 5 mg, and crystalline 
folic acid 0 05 mg Water and feed were 


du Pont do Nemours and Companj, Inc, New 
Brunswick, N J, for crjstallme vitamin D 3 , to 
Wilson and Companj, Inc, Chicago, for gelatin, 
to Allied Mills, Inc, Peoria, 111, for soy bean 
oil and to Mr J Kumhi for technical assistance 
i Hofmann, K, McCoy, R H, Belton, J R, 
Axelrod, A E , and Pilgrim, P J , Arch Biochem , 

19 2 Eubin^S H, Flower, D , Rosen, P , and Dres 
ter, L , Arch Biochem , 1945, 8 , 79 


given ad libitum, and each chick received 
weekly one drop of a vitamin A and D con- 
centrate containing 1200 US P units of vita- 
min A and 120 AO AC units of crystalline 
vitamin D,* per drop After 3 days on the 
basal ration chicks within a 10 g weight 
range were divided into uniform groups of 
6 and given supplements of d-biotin or 
d,l-0-heterobiotin m the basal ration The 
feeding trials were terminated when the chicks 
were 4 weeks old and samples of liver and leg 
muscle were taken from 4 chicks in each 
group for O-heterobiotin analysis O-Hetero- 
biotin was determined by the differential 
microbiological assay of Luckey et nl 1 
The average w'eight at 4 weeks, incidence 
of dermatitis, and O-heterobiotin content of 
the tissues are summarized m Table I A 
comparison of the relative effectiveness of 
d,l-0-heterobiotin and d-biotm m curing 
dermatitis indicates that the d,l analog is 
about Yi as active as d-biotm However, 
m a comparison based on growth the activities 
varied inversely with the amount of analog 
fed 20 y of the <3,1 analog had an activity 
of approximately 20% With higher levels 
the activity fell off rapidly and values from 

3 Briggs, G M, Luckej, T D, Elvelijem, C A, 
and H irt, E B , ,T Biol Chcm , 1943, 148 , 163 
< Luckej, T I) , Moore, P E , and Elvehjem, 

C A , in press 
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TABLE I 


Effect oi Atmosnlieri Upon Action of Vuptonmm 



Actmtx in dilution 

units pw ml ig unit 


Atmosplieie 

J£ coh 

A acioqcncs 

Pi i uly /n n S 

nvuccst cwi 

An 

500 

500 

500 

500 

II, 

200 

400 

100 

20 

N, 

100 

100 

100 

so 

CO, 

20 

20 

30 

20 



TABLE II 



Effect ot Bicubonite 

mil Aoiditi Upon 

Action of Sticptoimun 




Aetnitx m umts/ml lgmist 



E coh 

1 (10 00010* 

? mneits I> 

•>ub(ih* 

Xuti lent ngu 





(pH 0 &) 

100 

100 

100 

1000 

Xutuent Tg u 





(pH 5 7) 

10 

10 

5 

100 

Xutuint ngTiJ- 





2% A'tKCO, 

100 

100 

100 

800 


nature oi are due to secondary factors such 
as fall in pH value 

Streptomycin is a rather stable compound 
No biological agent or enzyme system has 
yet been found capable of destroying it At 
25 °C, it is not affected appreciably between 
pH 2 0 and 9 0, but it is decomposed by 
excessive acidity (1 iV HC1) and alkalinity 
(01 N NaOH) Hydrolysis by hydrochloric 
acid in methanol has been shown to result 
in the splitting of the molecule with the 
liberation of a base, streptidme, and a car- 
bohydrate-hke substance, streptobiosamme, 
neither of which possesses much, if any, anti- 
biotic activity The streptidme is believed 
to be attached to the streptobiosamme by a 
glucosidic linkage 4 

Aerobic vs Anaerobic Environment In 
order to learn whether the greater resistance 
of anaerobes than of aerobes to streptomycin 
was due to the nature of the organisms or 
to the environment, a study was first made 
of the activity of streptomycin on several 
bacteria growing in different environments 
Organisms that are facultative anaerobes, i e 
that can grow either m aw or with a limited 
supply of oxygen, were selected A highly 
active streptomycin preparation containing 
500 umts/ml was used_ Senal_d.iutions oi 

Foikers, K , 

Science, 1915, 102, 506 


the streptomycin solution were made in nu- 
trient agar, and 4 series of plates were made 
up with this streptomycin-containing agar and 
streaked with the 4 test bacteria One senes 
of plates was incubated at 28°C under the 
usual aerobic conditions, and the other 3 
series were incubated under anaerobic con- 
ditions in atmospheres of hydrogen, nitrogen, 
and carbon dioxide The results presented 
in Table I show that streptomycin is about 
one-half as active under hydrogen as m air, 
considerably less active under nitrogen, and 
almost completely inactive under carbon di- 
oxide 

Two supplementary tests were made m an 
effort to elucidate the effect of carbon dioxide 
First, it was determined that the pH of 
nutrient agar was changed from 6 8 to 5 7 
by storage for 16 hours under carbon diox- 
ide Tests showed that on agar adjusted to 
this pH, streptomycin had its activity di- 
minished to about the same degree as by 
carbon dioxide The effect of streptomycin 
was now tested on nutrient agar to which 
sodium bicarbonate had been added (Table 
II) Ko inactivation of streptomycin took 
place One may, therefore, conclude that 
the effect of carbon dioxide is probably a 
result of the change in pH produced by it 
in the medium 

In order to determine whether the d i- 
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TABLE III 

C h lUgos m pH V alue Pioduccd b\ -1 Test Bacteiia 
m Diffeient Em irounients 


Atmospheic 

Oigimsm 

pH- 

An 

L coh 

7 50 


J aeiogcncs 

7 SO 


Sci mtiiccsccns 

7 35 


Pi nilgai is 

7 13 

Nitiogen 

E coh 

7 23 


J auogencs 

7 54 


Set m aiccsccns 

GG8 


Pi ntlgans 

G G9 

Hi diogen 

E coh 

GG3 


J aeiogcncs 

0 84 


Sci niurcescens 

G 48 


Pi nilgai is 

G 43 

’ Oiigin.il pH 7 0 



TABLE IV 


Effect of Sugais Upon Susceptibility of B subtilis 


to S t i ep tome cm 



pH 

Cup method 

Sugai -Hided * 

iftei glow tli 

zone size m ram 

None 

7 1 

19 3 

Dextrose 

0 3 

10 1 

Le\ ulosc 

G 3 

10 0 

Sucrose 

5 3 

10 4 

Mannose 

7 1 

18 4 

Galactose 

7 1 

17 8 

Ai abmose 

09 

14 2 

Maltose 

7 0 

18 5 

Lactose 

7 1 

17 2 

Mannitol 

G 7 

10 0 

' 1% in nutrient agai 


mmished activity of streptomycin in nitrogen 
or hydrogen could be a result of the pro- 
duction of acid by the test organisms under 
these conditions, a study was made of the 
changes in pH of the cultures Flasks of 
nutrient broth were inoculated with the above 
4 cultures and kept under air, hydrogen, and 
nitrogen After incubation for 24 hours, 
pH determinations were made (Table III) 
The results suggest that the production of 
acid by the test bacteria under anaerobic 
conditions may be at least one factor in the 
diminished activity of streptomycin under 
these conditions 

Effect oj Sugars The action of streptomy- 
cin on B subtihs is known to be diminished 
hy glucose 1 In order to obtain further in- 
formation concerning this effect, the following 
2 experiments were conducted Since glucose 
is fermented by B subttlis with the formation 


of acid, and since streptomycin is less active 
at low pH, it seemed likely that the action 
of glucose was largely a pH effect A study 
was therefore made of the production of acid 
by B subtilis from several sugars, as well as 
the effect of these sugars upon the activity 
of streptomycin The sugars were incor- 
porated in nutrient agar, which was inoculated 
with a spore suspension of B subtilts, and 
plates were poured Metal cups were placed 
upon the solidified agar plates and the strep- 
tomycin solution was added The results 
presented in Table IV show that those sugars, 
namely dextrose, levulose, and sucrose which 
yield acid diminish most markedly the action 
of streptomycin Mannose, galactose and 
lactose, from which little or no acid is pro- 
duced, have little effect upon the activity of 
streptomycin 

When E colt was used as the test organism 
(Table V) it was found that acid was pro- 
duced by this particular strain from all the 
sugars, but in the smallest amount from 
lactose Likewise all the sugars but lactose 
gave a diminution m the effectiveness of 
streptomycin against this organism 

That the inactivating effect of glucose upon 
streptomycin is due to the production of acid 
has been further confirmed by the following 
experiment when the pH of the test medium 
was held at 8 0 by the addition of a glycine 
buffer, the addition of glucose did not result 
m the inactivation of streptomycin Glycine 
alone had no effect upon the activity of 
streptomycin 

In view' of observed effects of cysteine, the 


TABLE V 

Effect of Sugars Upon Susceptibility of B cot i 
to streptoniy cm 


Sugai iddtd* 

pH 

after grow tli 

Cup method 
zone size in mm 

None 

6 5 

17 5 

Dextrose 

31 

15 0 

Lc\ ulose 

51 

16 0 

Sueiose 

5 0 

15 o 

Mannose 

5 0 

15 0 

Galactose 

52 

15 2 

Ai ibino&L 

5 2 

17 0 

Maltose 

53 

16 8 

Lactose 

G 1 

18 0 

M minted 

5 2 

16 3 


* 1% in streptomxciii agar 
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TABLE VI 


Effect of CeMtume Acid Upon Action of Strcptonn tin 




Actnitj, in dilution units 

pir grim, lgainst 

Cevitamic acid 

E coh 

A aerogenes 

/S am cui B subtihs 

0 

100 

100 

50 800 

0 4 mg/ml 

10 

10 

5 100 


TABLE VII 


Effect of Sulf l»j tlx v 1 Compounds on Aetion of 
Streptomycin 



Zone size, 

mm 

Sulfhjdiy 1 compound B 

subtihs* 

E coli\ 

None 

18 0 

27 0 

Cj steme (0 02 It) 

10 0 

80 

Tluogljcol ite (0 04 11) 

17 0 

25 5 

Honotluogljcol (0 04 It) 

— 

22 0 

Glutathione 

18 0 

— 


* Striptomjcm conen 25 umts/ml medium, nu 
tnent agar 

t Medium, streptomycin agar 


effect of another reducing agent — cevitamic 
acid — upon the activity of streptomycin was 
studied The tests were made by the agar- 
streak method, using nutrient agar at pH 
6 8 and nutrient agar containing 0 4 mg of 
cevitamic acid per ml and adjusted to pH 
6 8 The results (Table VI) show that 
cevitamic acid greatly diminishes the ef- 
fectiveness of streptomycin Tests for the 
production of acid from cevitamic acid of 
this concentration showed that no detectible 
acid was produced by the test organisms 
The cause of inhibition by the cevitamic acid 
is thus not immediately apparent 

Effect of Sulfhydryl Compounds Accord- 
ing to Denhewalter, Cook and Tishler 3 cysteine 
and yS-mercaptoethylamme inhibited the ac- 
tion of streptomycin on B subtihs, whereas 
thioglycohc acid was ineffective A detailed 
study was made of this phenomenon, which 
fully confirmed their results and permitted 
the extension of their conclusions to include 
also the gram-negative E coh (Table VII) 

It was also found that cysteine does not 
stimulate the production of acid by these 


organisms 

Thioglycolate agar (Brewers) has been 
nrooosed as a medium for use m testing 
streptomycin for sterility This medium con- 
m'S not only thioglycolate, but also glucose, 


and is far richer in nitrogenous constituents 
than the usual nutrient agar According!}, 
the effects of these constituents upon the 
activity of streptomycin were studied The 
results of several experiments (Table VIII) 
show that the presence of 0 2% of sodium 
thioglycolate in nutrient agar did not in- 
activate streptomycin Whereas the presence 
of 1 0% of glucose diminished the bac- 
teriostatic effect of streptomycin Glucose 
plus thioglycolate had no greater effect than 
glucose alone With an increase in the con- 
centration of the nitrogenous constituents 
in the medium, streptomycin was found gen- 
erally less effective, but the absence of in- 
activation by thioglycolate, diminution of ac- 
tivity by glucose, and absence of synergistic 
action of the 2 substances were again observed 
Effect of Ketone Reagents Brink, Kuehl 
and Folkers 3 have reported that “when 
streptomycin was treated with a variety of 
carbonyl group reagents, complete inactiva- 
tion was observed ” They mentioned par- 
ticularly hydroxyJamme and semicarbazide, 
and have isolated the oxime and semicar- 
bazone To confirm their results, solutions of 
streptomycin were mixed with the ketone 
reagents and the mixture was tested by the 
cup method (Table IX) Certain ammo 
compounds which are not ketone reagents, 
such as ethylenediamine and methylamme, 
were without effect upon the activity of 
streptomycin 

4ge of Culture Streptomycin appears to 
have a more marked effect upon young ac- 
tively growing cultures of bacteria than upon 
older cultures where the rate of growth has 
diminished To confirm this, streptomycin 
was added to cultures of E coli in nutrient 
broth which contained streptomycin, and after 
8 hours’ further incubation at 28°C, the 
number of viable cells were counted 
It was found that when streptomycin was 
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TABLE VIII 

Effect of Thio glycolate rnd Glucose Upon Action of Streptomycin 
Nutrient agar — agar streak method 

Dilution units against 


Substance added 

E coh 

S aureus 

B subtihs 

None 

100 

50 

1000 

Glucose* 

30 

20 

200 

Thioglycolate 

100 

50 

1000 

Glucose-)- 




thiogly colate 

30 

20 

30 


Nutrient agar — cup method 




Zone of inhibition, mm 



B 

siibtilis 

E coli 

None 


16 5 

16 7 

Glucose 


10 0 

14 5 

Thiogly colate 


15 3 

16 2 

Glucose-)- 




thioglycolate 


10 0 

15 7 ^ 


Enriched agaif— 

-agar stieak method 




Dilution units against 



£ coh 

S aureus 

B subtilis 

None 

10 

50 

300 

Glucose 

5 

10 

10 

Thioglycolate 

20 

20 

200 

Glucose-)- 




thiogly colate 

10 

10 

50 


* Glucose added in 1% concentration, and thioglycolate in 0 2% 
t Composition of enriched agar 
Beef extract 5 g 

Peptone 20 g 

NaCl 5 g 

Agar 20 g 

Dist is a ter 1000 ml 


added to cultures from 0 to 3 hours old, a 
75% reduction in growth resulted when the 
concentration of streptomycin was 2 units 
per m! and a 95% reduction in growth when 
the concentration was 5 units per ml In 

TABLE IX 

Effect of Ketone Reagents Upon Action of 
Streptomycin (25 units/ml) 

Zone — size, ml 


Ketone re igent B subtths E coh 


None 18 25 

Hi drov\ laniine ( 002 If) 10 5 SO 

Hidrnzme ( 002 II) — 10 0 

Semicarb izide ( 00‘2 II) 0 0 

Phony Uiy drazme ( 002 J/) 13 0 8 0 

Methy lplieny tin drazme 

(001 If) 15 0 10 0 


cultures 24 to 48 hours old, the effect of 
streptomycin was less marked A concen- 
tration of 2 units per ml caused a reduction 
in growth of 19%, and a concentration of 5 
units per ml a reduction of 42% 

Discussion The antibacterial activity of 
streptomycin can be largely or completely 
neutralized or antagonized by various chemical 
agents These include glucose and certain 
other sugars, an anaerobic environment, cer- 
tain sulfhydryl compounds, and ketone 
reagents In some cases, as in the action of 
sugars or the anaerobic environment, the ef- 
fect on streptomycin ,j:an be traced to the 
acidity produced under these particular con- 
ditions However, in the effect of cysteine, 
cevitamic acid, and of ketone reagents the 
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TABLE VI 

Effect of CeMtume Acid Upon Action of Streptomycin 




Actuitj, in dilution units 

per gnm, 

ig mist 

Cevitamic acid 

E coll 

A aerogencs 

S auicus 

B sitblihs 

0 

100 

100 

50 

SOO 

0 4 nig/ml 

10 

10 

J 

100 


TABLE VII 

Effect of Sulfliydnl Compounds on Action of 
Streptomycin 


Sulf liy di y 1 compound B 

Zone size, 

subtiln* 

mm 

E coh t 

None 

IS 0 

27 0 

Cjsteine (0 02 If) 

10 0 

80 

Thiogljcolate (0 04 If) 

17 0 

25 5 

Monotluogljcol (0 04 if) 

— 

22 0 

Glutathione 

18 0 

— 


* Streptomycin concn 25 umts/ml medium, nu 
trient agai 

t Medium, streptomycin agar 


effect of another reducing agent — cevitamic 
acid — upon the activity of streptomycin was 
studied The tests were made by the agar- 
streak method, using nutrient agar at pH 
6 8 and nutrient agar containing 0 4 mg of 
cevitamic acid per ml and adjusted to pH 
6 8 The results (Table VI) show that 
cevitamic acid greatly diminishes the ef- 
fectiveness of streptomycin Tests for the 
production of acid from cevitamic acid of 
this concentration showed that no detectible 
acid was produced by the test organisms 
The cause of inhibition by the cevitamic acid 
is thus not immediately apparent 

Effect of Sulfhydiyl Compounds Accord- 
ing to Denkewalter, Cook and Tishler 3 cysteine 
and /J-mercaptoethylamine inhibited the ac- 
tion of streptomycin on B subtdis, whereas 
thioglycolic acid was ineffective A detailed 
study was made of this phenomenon, which 
fully confirmed their results and permitted 
the extension of their conclusions to include 
also the gram-negative E colt (Table VII) 

It was also found that cysteine does not 
stimulate the production of acid by these 


organisms 

Thioglycolate agar (Brewer’s) has been 

Pr0P05£d cm for "sterility ' This mediurnTm 
«;« «« only thioglycolate, but also glucose, 


and is far richer in nitrogenous constituents 
than the usual nutrient agar Accordingly, 
the effects of these constituents upon the 
activity of streptomycin were studied The 
results of several experiments (Table VIII) 
show that the presence of 0 2% of sodium 
thioglycolate in nutrient agar did not in- 
activate streptomycin Whereas the presence 
of 1 0% of glucose diminished the bac- 
teriostatic effect of streptomycin Glucose 
plus thioglycolate had no greater effect than 
glucose alone With an increase in the con- 
centration of the nitrogenous constituents 
m the medium, streptomycin was found gen- 
erally less effective, but the absence of in- 
activation by thioglycolate, diminution of ac- 
tivity by glucose, and absence of synergistic 
action of the 2 substances were again observed 
Effect of Ketone Reagents Brink, Kuehl 
and Folkers 1 have reported that “when 
streptomycin was treated with a variety of 
carbonyl group reagents, complete inactiva- 
tion was observed ” They mentioned par- 
ticularly hydroxylanune and semicarbazide, 
and have isolated the oxime and semicar- 
bazone To confirm their results, solutions of 
streptomycin were mixed with the ketone 
reagents and the mixture was tested by the 
cup method (Table IX) Certain ammo 
compounds which are not ketone reagents, 
such as ethylenediamme and methylanune, 
were without effect upon the activity of 
streptomycin 

Age of Culture Streptomycin appears to 
have a more marked effect upon young ac- 
tively growing cultures of bacteria than upon 
older cultures where the rate of growth has 
diminished To confirm this, streptomycin 
was added to cultures of E coli in nutrient 
broth which contained streptomycin, and after 
8 hours’ further incubation at 28°C, the 
number of viable cells were counted 
It was found that when streptomycin was 
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TABLE I 

Blood Platelets and Leukoeytes m Hetcioplnl Ampin loxis of tin. Gumei Pig 


Gumex 

pigXo 


Antisheep 
inbbit scium, 
co/100 g 

both ut 

Gi uie of 
shock 

Blood pi itelets, 

\ol in 

100 cc of blood 

Leukocy tes, 
thous uuls per 
cu nun of blood 

V tight, g 

s- - 

Bi-foie 1113 Aftei 1117 

Befoie 

Aftei 

1 

500 

010 

Dc itli m 

2 nun 

1 20 

0 

— 

— 

2 

>10 

0 02 

Xo slioek 

130 

0 

12 4 

10 8 

j 

570 

0 07 

De-Wh in 

1 nnn 

120 

0 05 

14 8 

3 0 

4 

535 

0 01 

Xo shock 

0 S 5 

0 So 

12 3 

118 

5 

HO 

0 02 

> » J > 

0 85 

0 20 

14 1 

3 0 

6 

500 

0 02 

Slight 
d\ spue i 

0 70 

0 

1SS 

7 S 

t 

400 

0 10 

Dt itli lu 

1 nun 

0 80 

0 

— 

— 

S 

510 

0 015 

Xo shock 

0 00 

0 03 

12 0 

112 

0 

590 

0 10 

Dc itli in 

1 nun 

0 

0 

— 

— 

10 

040 

0 05 

Xo shock 

0 70 

0 




ir 

1,030 

010 

Deith m 

1 mm 

0 40 

0 

— 

— 

l-’- 

1000 

0 15 

Doth m 

2 mm 

0 

0 

— 

— 

lS 

900 

010 

Death ill 

1 nun 

— 

— 

— 

— 

■* The last 1 guine l 

pigs woe injected with 1 g of ghcogui in the 

uin of 

tin perns 

In foie the 

mieitioii 
mil nftei 

or tntttiufcp i mint suum 
tin infection of scium 

and the pUtc'its 

win dctei mnied 

iftci the injection ot glycogen 


able amounts of rabbit serum containing antt- 
sheep hemolvsm These serums were prepared 
by injecting erythrocytes of sheep into the rab- 
bits, standard technics being followed The 
hemolytic titer of the serum used in these 
experiments was 20,000 (that is, 0 00003 ml 
hemolyzed 0 5 ml of 2% sheep cells m the 
presence of 0 05 ml of pooled guinea pig 
serum as complement) Following intra- 
cutaneous injections of 0 10 ml of this serum 
into guinea pigs and dogs a notable hemor- 
rhagic lesion appeared locally 

Five of the 13 guinea pigs used in these 
experiments were injected m the vein with 
1 g of hepatic glycogen, dissolved in 5 ml 
of water, 3 minutes before the injection ot 
the immune rabbit serum 

Four guinea pigs were injected with nor- 
mal rabbit serum as controls and the volume 
of the platelets was determined before, and 
from 3 to 10 minutes after, the injection 
Different amounts of the immune rabbit 
serum were injected into 4 dogs anesthetized 
mth pentobarbital sodium and with the 
femoral artery cannulated in order to deter- 
mine the blood pressure The volume o! 


platelets was determined before and after 
the injection 

All specimens of blood were drawn directly 
from the heart of the guinea pigs and from 
the jugular vein of the dogs In all the 
guinea pigs that manifested shock the blood 
samples were taken immediately following 
the appearance of symptoms In animals 
without shock the samples were taken from 
3 to 10 minutes after the injection of serum 

For the determinations of the platelets the 
Fan Allen method 10 was used, m guinea pigs 
2 ml of blood were taken in 3 ml of 3 8% 
solution of sodium citrate with 0 1% of 
formalin 

In several animals the modification of the 
leukocytes was studied and standard micro- 
scopic methods were used 

Results From the data presented in Table 
I it may be observed that the immune rabbit 
serum employed in these experiments is highly 
toxic for the guinea pig, since 0 07 ml for 
each 100 g of body weight injected into the 

1° Van Vilen, C At , 7 Lai and 
2S2 
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inhibition of streptomycin activity may be 
associated with the blocking of an active 
grouping in the molecule of the streptomycin 
To explain the inactivation of the antibac- 
terial properties of streptomycin by the block- 
ing of a single group in its molecule cannot 


be attempted at present due to its rather 
complicated structure Until the chemistrv 
of streptomycin is more clearly elucidated, 
it is difficult to present a suitable theorv 
that would account for the various effects 01 
streptomycin inactivation 
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The serum of rabbits into which erythro- 
cytes of sheep have been injected produces 
toxic symptoms and death when injected into 
guinea pigs The reason for this was ex- 
plained when Forssman 1 and others- 1 1 an- 
nounced the discovery and distribution of the 
so-called heterophil antigen At this time it was 
found that the same antigenic substance which 
is present in erythrocytes of sheep is also pres- 
ent in the tissues of the guinea pig, dog and 
other species Hence, the antibody produced 
in the rabbit in response to erythrocytes ot 
sheep would also react with the antigen 
present in the tissues of the animal injected 

As the reactions exhibited by the animals 
following such injections of serum are almost 
identical with those of anaphylaxis, the 
phenomenon was designated heterophil ana- 
phylaxis 

Later Tamguchi J ' b observed that the lungs 
of guinea pigs killed by such injections of 
serum were markedly hemorrhagic and both 

Guggenheim Ft Hon, fiom the Institute of Ex 
ixiimuital Miduinc, Jlontmideo, Viuguai 

lFoissmm, J, inti Hmtzi, Assn, Biochem / , 
1912, 44, 33b 

-’Doen, R md Puk, R, Biochcm J , 1913, 30, 
129 

oSulis, H, md Nathan, E , / f ImmumtaUfor 
chi ii etp Thetap , 1913 , 235 

■4 Tanigucln, Tenji, J Path anil Bad , 1920, 23, 

3b4 

3 Taiugudu, Tenji, J Path and Pact , 1921, 24, 
"^Tungudn, Tmii 1 Path and Pact , 1922, 23, 


lungs and trachea were filled with frothy 
fluid but were not markedly emphysematous 
as in true anaphylaxis Furthermore Redfern' 
observed that no contraction is produced m 
the perfused uterine muscle following the 
addition of anti-Forssman serum I have 
confirmed these facts shown by previous in- 
vestigators Moreover I found in collabora- 
tion with Recarte 8 that no increase of blood 
histamine was present in the acute shock 
induced in guinea pigs by the injection of 
anti-Forssman serum and no histamine was 
liberated when lungs of guinea pigs were 
perfused with such serums 

The experiments reported in the present 
paper were made with the aim of studying 
the modifications of the blood platelets in 
this particular type of shock For this the 
volume of blood platelets was determined in 
guinea pigs and dogs before and after the 
injection of rabbit serum with high titer of 
antisheep hemolysin At the same time 
the influence of injections of hepatic glycogen 
on the course of this type of shock was ob- 
served, since this substance in certain doses 
produces a temporary disappearance of the 
platelets of the blood 0 
Methods Thirteen unanesthetized male 
guinea pigs weighing from 500 to 1,030 grams 
were injected in the vein of the penis with van- 

TRidttiJi, W M , Am J Hyg , 1920, 6, 276 
‘'Griui A , and Ruarte, P , Bei Soe mg cut de 
bwl , 1913, 21, 202 

i Rutin o Sih i, -M , Giiiii, A, md Porto A, 
Pkoc Sot Exp Biol und 3Itx>, 1915, 50, 57 
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Pig 1 

Platelets and blood pressure of a dog followed for 5 hours As seen, 5 hours after the injection 
of 010 ml of immune rabbit serum for each kilogiam of bodi weight the volume of platelets reached 
ipproiimately the normal values 


values (Fig 1) In addition to the reduction 
of platelets there was a drastic reduction of 
the number of leukocytes m the dog 
(Table III) 

Summary Serum of rabbits immune to 
sheep erythrocytes injected intravenously in 
appropriate doses in guinea pigs and dogs pro- 
duced a drastic reduction of the concentra- 
tion of blood platelets even though these 
quantities of serum provoked only moderate 
shock or no shock 


When the shock was deep, generally the 
platelets disappeared from the blood 

The injection of glycogen in doses that 
reduced the blood platelets m the guinea pig 
did not prevent the production of shock fol- 
lowing the injection of the immune serum 
The experiments here presented show that 
there is not always a parallel relation between 
the decrease of blood platelets and the intensi- 
ty of the pulmonary symptoms in the guinea 
pig or the decrease of arterial pressure of 
the dog in heterophil anaphylaxis 
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Washington, DC 


The fatty acid monoesters of 1-ascorbic and 
d-isoascorbic acid prepared by Swern et al 1 
were suggested for use as antioxidants for 
fats and oils by Riemenschneider et al~ In 

1 Swern, D , Stirton, A J, Tim. r, J , and Wells, 
P A , Oil and Soap, 1943, 20, 224. 


cooperation* with these investigators we have 
made a study of the subacute and chrome 
oral toxicities of the palmitates of these acids 

- Riemenschneider, B W , Turer, J , Wells, P A , 
and Ault, W C , Oil and Soap, 1944, 21, 47 

* The Eastern Regional Research Laboratory of 
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TABLE II 

Blood Plitelets in Guinea Pigs Injected with Nonnal E dibit Serum* 


Blood platelets, 
\oIume m 100 ee of blood 

Guinea Nonnal rabbit serum, , —— 


pig No 

Weight, g 

ce/100 g bodi wt 

Befoie 

Altci 

1 

1,030 

010 

1 20 

10 

O 

1,000 

0 05 

120 

1 0 

3 

1,170 

0 10 

1 20 

120 

4 

960 

0 02 

1 40 

140 


' None of these guinea pigs exhibited shock 


TABLE III 

Blood Plitelets and LcukocltLS. m Iletuoplul Am phi laxis of the Dog 


Dog No 

Weight, kg 

Antislieep 
l lbbit senim, 
cc/kg 
bodj wt 


Blood platelets 
\ olumo in 

100 cc of blood 

Leukoej tes, 
thousands per 
cu mm of blood 

r 

Gi ide of shoek Bcfoiemj 

Aftei mj 

Before 

After 

1 

10 

0 5 

Death m 1 mm 

0 60 

0 

— 

— 

2 

10 3 

0 20 

Serene shock, 

0 90 

0 (4 mm ) 


16 




deatli after 


02(10 ” ) 

17 0 

26 




90 mill 


05(90 ” J 


2 8 

3 

* IS 

0 10 

Slight shook, 

0 60 

0 17 

72 

06 




blood piessuie 








dcci eased 15 mm Hg 





i 

OS 

0 10 

Model ate shoek, 

0 55 

005(2 ”) 

30 

04 




blood piessure 


0 12(30 ” ) 


10 




decreased 90 mm 


0 35(45 'M 


1 4 




Hg, lecoeerj in 


0 45(5 In ) 


43 




90 mm 






vein caused the death of the animal in one 
minute 

The lungs of guinea pigs and dogs that died 
in the course of these experiments showed 
deep macroscopic hemorrhagic lesions The 
microscopic examination showed bronchial 
exudate in the terminal bronchi and striking 
adventitial hemorrhage around the larger xes- 


found in true anaphylaxis 
The reduction of blood platelets under 
these circumstances raises the question 
whether the phenomenon observed is specific 
or nonspecific 4s may be seen from Table II, 
there was no significant change in volume 
of the blood platelets when normal rabbit 
serum was injected into guinea pigs 


sels 

The volume of platelets was always 
drastically reduced after the injection of 0 02 
ml or more per 100 g of body weight of this 
immune rabbit serum in spite of the fact 
that injections of small quantities of serum 
did not produce shock (Table I) 

On the other hand, as shown in Table I, 
4 of the last 5 guinea pigs which were injected 
intravenously with 1 g of glycogen, which 
eliminated all or nearly all of the blood plate- 
lets, were killed by an injection, 3 minutes 
later, of immune rabbit serum 

The experiments described show that in 
this special type of anaphylaxis the decrease 
of the blood platelets does not parallel the 
degree of shock as Kopeloff and KopelofF* 


The sharp fall of the blood platelets after 
the injection of the immune rabbit serum 
perhaps depends on a reaction produced in 
the blood between the antisheep hemolysin 
injected and the Forssman antigen present in 
the platelets of the guinea pig 

4s is shown in Table III, the same drastic 
reduction of platelets was observed in dogs 
after the injection of antisheep hemolysin, 
although the shock was slight or moderate 
in dogs 3 and 4 Five hours after the injec- 
tion of 0 10 ml of immune rabbit serum for 
each kilogram of body weight the volume of 
platelets reached approximately the normal 

li Kojnloff Nultola^, mil Kopiloff, Lenoie 31, 
J Immunol , 1941, -10, 4/1 


Toxicity of Ascorbyl Palmitates 


197 


ences from the control animals of other ex- 
periments and their mortality rate was what 
would be expected for control animals in 
our colony 

At 36 weeks, with the exception of the 
1 % d-isoascorbic acid group which showed no 
mortality, all groups of rats on the palmitate 
diets had fewer survivors than the group on 
the control diet The figures for the per- 
centage mortality were as follows 5% 
d-isoascorbyl palmitate, 50%, 5% 1-ascorbyl 
palmitate, 30%, 2% d-isoascorbyl palmitate 
and 1-ascorbyl palmitate, 20% each, and the 
control 10% The only group differing ap- 
preciably in mortality from the control, al- 
though not significantly with the small num- 
ber of rats, was the 5% d-isoascorbyl group 
Here there was a preponderance of deaths 
from acute pneumonia, but whether this should 
be attributed to the palmitates is doubtful 

All of the 60 rats started in the subacute 
series were autopsied, and 37 were micro- 
scopically sectioned Lung, heart, liver, 
spleen, pancreas, stomach, small intestine, 
kidney, adrenal and testis were sectioned in 
all rats, while colon, lymph node, bone, bone 
marrow, thyroid and parathyroid were sec- 
tioned occasionally 

Two rats showed distinct lesions as a result 
of the palmitate feeding, and these were un- 
usual Both rats had been fed 5% 
1-ascorbyl palmitate for 36 weeks Their 
urinary bladders were packed with numerous 
white mulberry stones up to 5 mm in diam- 
eter, one of which on crystallographic ex- 
amination was found to consist of rods and 
needles of calcium oxalate monohydrate 
Since oxalic acid has been reported 4 to be 
an oxidation product of ascorbic acid this 
would seem to be a reasonable source of the 
oxalate in the stones In the feeding of 
over 50 substances to several thousand rats 
in 2-year chronic toxicity studies we have 
not observed spontaneous bladder stone 
formation Stones have been produced with 
relative frequency by the feeding of glycols 0 

■Borsook, H, Dumport, H XV, Jeffreys, C E 
P , and Warner, EC,/ Biol Chem , 1937, 117, 
237 

'■Moms, II J, Nelson, X A, and Caherj, H 
O , J Pharm and Exp Thcrap , 1912, 74, 26b 


and in one instance each by the feeding of 
barium chloride and saccharic acid The 
last mentioned stone was composed of cal- 
cium oxalate, as were those caused by feeding 
glycols, the remaining stone was composed 
of barium sulphate in an organic matrix In 
each rat with bladder stones one kidney and 
its ureter were markedly distended by the 
obstruction from the stones Whitish ma- 
terial similar to the stones was seen in both 
kidney pelves of one rat A small amount 
of colorless anisotropic crystalline calcareous 
material was seen m the parenchyma of one 
of the kidneys near the pelvis, this was the 
only kidney where such parenchymal crystal- 
line material was seen The kidneys in the 
2 rats with urinary tract stones showed no 
inflammatory changes, although the bladders 
did show epithelial hyperplasia Among the 
remaining 58 rats the surprising features were 
the almost total absence of calcareous ma- 
terial and of inflammatory changes within 
the kidneys and the lack of transitional ex- 
amples m the gross appearance of the urinary 
tracts Nor did the microscopic sections 
show any inflammatory changes or evidence 
of stone formation, with one exception, in 
a rat on 5% 1-ascorbyl palmitate There 
was a moderate degree of a focal, rather 
acute inflammatory process involving the 
mterstitium and tubules of both cortex and 
medulla Although this particular type of 
reaction has rarely been observed previously 
m our rats, it is not necessarily attributed to 
the palmitate, as unusual lesions do appear 
spontaneously in our rats from time to time 
Grossly, the viscera of the rats on the 5% 
palmitate diets, especially the 1-ascorbyl 
palmitate, were slightly smaller than those 
of the controls and of the rats on 2% 
palmitate Microscopically, except for the 
renal changes accompanying the 2 examples 
of stone formation and for the few spon- 
taneous lesions that were observed, there was 
no outstanding difference among the 4 ex- 
perimental groups and the control group 
The amount of hemosiderin m the spleens of 
the group fed 5% palmitate was about half 
that in the remaining groups The adrenals 
in all the experimental groups were slightly 
larger than those in the controls, however, 
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TABLE I 


Mein Gnu m Weight ot Mile Rits Peel Diets 
Contmiiiig P ilimtites foi Si\ Months 




Stmdud 


Mem Gim 

Error of 

Dos igc 

No of AVt 

Mem 

Subst met % 

Amm ils g 

g 

< 


1 iseorbil 

a 

s 

350 6 

±171 

palmitate 


s 

2310 

±22 3* 

il iso lseoibyl 

2 

s 

375 5 

-i-14 3 

p limit ite 

1 

7 

269 6 

±15 1* 

<1 isoiseoibie 

ieul 

i 

10 

405 3 

-4-11 3 

Control 


9 

394 7 

±12 6 


* p = < 001 


The results aje reported in the following 
Experimental For the subacute toxicity 
experiment 10 weanling male rats, selected 
at random with respect to litter mates from 
our colony of Osborne-Mendel strain, were 
placed on each of 6 diets Ground commercial 
rat biscuits with 1% added cod liver oil 
served as the basic diet The ascorbyl 
palmitates were mixed with the basic diet 
by means of a rotary batch mixer Two 
groups of rats were placed on diets containing 
2% and 5 % concentrations of 1-ascorbyl 
palmitate, two groups were placed on diets 
containing 2% and 5% d-isoascorbyl 
palmitate, one group was placed on a diet 
containing 1% d-isoascorbic acid and the 
sixth group received the control diet Three 
rats were chosen from each of 6 litters and 
assigned to different diets as required for bal- 
anced incomplete blocks 3 of 3 with 6 treat- 
ments, where the blocks correspond to litters 
and treatments to diets The design as a 
whole was replicated twice and thus a total 
of 60 rats was used All animals were kept 
in individual cages in a room with controlled 
temperature and humidity and were given 
free access to their respective diets and water 
Body weights and food consumption were 
determined at weekly intervals 


y s Depirtuient of Agriuiltuic furnished 
the pilinitite monoesteis ind Hid siiiiphs mil 
partially defrayed the expenses of this stud} 

P apisher, R A, md Yates, F, Manual fatly 
for Magical, agncuUmal, anil medical rescan/., 
Oliver ind Boyd, Edinburgh, 1938 


In the chronic toxicity study 6 groups of 
10 rats each were selected and assigned to 
their respective diets similarly to those in 
the subacute experiment In addition to a 

5 °/o lard sample, with or without added pal- 
mitate, the ingredients of the diets were 
casein 18%, dextrose 61%, brewer’s yeast 
5%, salt mixture (USP XII No 2) 4%, 
corn oil 3%, whole liver powder 2%, and 
cod liver oil 2% The ration for each of the 

6 groups contained 5% of one of the follow 
mg lard samples,! namely, heat-treated lard 
containing 1% or 5% 1-ascorbyl palmitate, 
heat-treated lard containing 1% or Sfo 
d-isoascorbyl palmitate, heat-treated lard 
without added palmitate, and fresh lard All 
diets were refrigerated at — 6 7°C 

Results, Subacute Toxtctty This experi- 
ment was terminated at 36 weeks when all 
surviving animals were sacrificed The data 
on the gains in weight during the fast growing 
period of the first 26 weeks (Table I) show 
that the animals on the 5% concentrations 
of the two palmitates grew significantly 
(p = < 001) less than those on the control 
diet At the 2% levels the differences be- 
tween experimental and control animals were 
not statistically significant (p = 05, or less, 
is significant for this experiment) Although 
the gains in weight of the animals on the 1% 
d-isoascorbic acid were slightly greater than 
those of the controls, these differences were 
not significant During the next 10 weeks, 
however, this group grew significantly faster 
than the controls Because of this fact and 
also because all animals of the group were 
living, they were continued over a 2-year 
experiment, at the end of 2 years the sur- 
viving animals on the d-isoascorbic acid had 
no gross or microscopic pathological differ- 

t The p ilimtites wtie first incorporated in lard 
The he it tre ited laid samples with palmitates 
weie piepaied b} heating fresh lard containing 
the palmitates at 100° Cm 1 beaher with me 
ch uucal staring md with free access to air for 
about Id hours The heat tre ited lard without 
idded pilmitate was prepared bj heating fresh 
laid at 100°C with washed air bubbling through 
the lard foi 8 liouis Peroxide values showed that 
the licit treated lud without the added palmitate 
was rancid 
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Fig 1 

Body temperatures of ± normal lats taKrn at inten ils during the dn 


temperatures of rats which are free in their 
cages and are neither excited nor subjected 
to a reduced rate of heat loss 
The thermocouples are made from 20 inch 
lengths of enamel and cotton covered iron 
and constantan wires, B & S gauge No 30, 
which are cleaned and fused together at one 
end The junction is then covered with a 
bead of hard solder about 2 mm m diameter 
which is smoothed with a file, and a V /2 inch 
length of rubber catheter tubing, size No 8 
French, is passed over the wires and pulled 
down tightly against the solder bead A 10 
mm length of rubber tubing, 7/32 inch 
outside diameter, % inch wall, fitted over 
the other end of the catheter tubing, serves 
to anchor the end of a IS inch length of 
light steel helical pull spring, inch in 
diameter, through which the lead wires pass 
to the outside of the cage The purpose 
of this spring is to protect these wires from 
attach by the rat 

It is important that proper attention be 
paid to the gauge of the thermocouple wires 
and to the size of the catheter tubing If 
the assembled junction is too limber it will 
be forced out of the rectum during defeca- 
tion, and if it is too stiff it will cause 
ulceration and perforation of the colon The 


stiffness should be regulated by proper choice 
of the catheter tubing, and not by the gauge 
of the wires, which should be quite fine 

The thermocouples are attached outside 
the cage with silver solder to heavier wires 
of iron and of constantan which lead to a 
selector switch* making it possible to put a 
number of rats on test at the same time 
The connections with the switch should be 
enclosed m a box to protect them from air 
currents 

The wire leading from the constantan side 
of the selector switch is attached to the con- 
stantan side of another thermocouple which 
is immersed in a reference bath of oil This 
bath is mechanically stirred and electrically' 
heated to a temperature of about 38°C, 
and it contains a calibrated thermometer The 
iron sides of the reference junction and of 
the selector switch are attached through a 
double pole switch to the terminals of a 
sensitive galvanometer (5 50 u v per mm, 
internal resistance 2 1 ohms) and a precision 
wound variable resistance with a total value 
of 70 ohms is introduced into the lead from 

* Selector switches designed tor use with thermo 
i ouphs in ulable commercially md ire prefer 1 
bit to the ones gener illy used in electronic equip 
mcnt 
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there was no microscopic difference The 
testes were undamaged, with rare exceptions 

Results, Chronic Toxicity When the gains 
in weight were analyzed for the experimental 
and control animals for the first 24 weeks 
and for the first year, the differences were 
not statistically significant for any group 
During the fast growing period individual 
growth curves of litter mates were enough 
alike to be considered identical Growth 
curves of the experimental groups showed 
no significant deviation from the control, or 
from each other 

Each of the 4 rats which died during the 
first year was from a different group, there- 
fore, their deaths were not related to treat- 
ment During the second year deaths were 
distributed over the whole period and could 
not be attributed directly to the effect of 
the palmitates At the termination of the 
experiment no group had a death rate greater 
than that of the control 

Histopathological study similar to that of 
the subacute toxicity senes was made of the 
tissues of 36 of the 60 animals and showed 
no outstanding gross or microscopic difference 
between any of the experimental groups and 
the control group, nor were there any distinct 
lesions attributable to or prevented by the 
palmitates The one group of rats which did 
differ slightly from all the others was that 
fed heat-treated lard without the added pal- 
mitates In this group, the livers usually 
had a slight brown or chocolate tint rarely 


seen m the other groups Microscopically, 
lymphocytic infiltration more frequently ac 
compamed the small amount of focal renal 
tubular atrophy seen equally in all the groups, 
testicular atrophy was greater in degree than 
m all other groups, and lung involvement by 
chronic infectious processes and by lympho 
sarcoma was less frequent than in the rats 
whose diet included lard with added palmitates 
or unheated lard However, an analysis of 
these data from the small number of animals 
in this experiment does not show a statistically 
significant difference 

Hematological studies made at intervals 
during the first year of the experiment showed 
no toxic effect on the blood from any of the 
chronic dosages of the palmitates 

Summary When I-ascorbyl palmitate and 
d-isoascorbyl palmitate were fed subacutely 
for 9 months m concentrations of 2% and 
S% of the diet, only the 5% levels were toxic 
The growth rates of rats on the 5% levels 
were significantly retarded and bladder 
stones were produced in 2 animals on the 
5% 1-ascorbyl palmitate d-Isoascorbic acid 
m a concentration of 1% of the diet had no 
deleterious effect Chronic toxicity studies 
for 2 years indicate that 1-ascorbyl and 
d-isoascorbyl palmitate are not toxic m con- 
centrations of 0 25 % (2500 ppm ), or less, 
of the total diet of rats Heat-treating 
fresh lard containing the palmitates before 
adding it to the diet had no effect on toxicity 
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Use of Thermocouples for Determination of the Rectal Temperature 

of Rats 


David M Tennent and Martha A Meloy (Introduced by H Mohtor) 

From the Mcrch Institute for Therapeutic Research, Rahway, N J 


When measurements of the rectal tem- 
leratures of rats were made m this laboratory 
vith thermometers or with thermocouples 
vhile the animals were held in the mvesti- 
-ator’s hand, the readings were unstable and 
requently changed by as much as one degree 


centigrade during the space of a few minutes 
The results were also unsatisfactory when 
mechanical holders made of wire mesh were 
used, since the rats became unduly excited 
To avoid these difficulties a method has been 
devised, using thermocouples, for taking the 
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the selector switch so that the sensitivity of 
the galvanometer can be adjusted 

After calibration, this circuit will measure 
the differences between the temperatures of 
the rats and that of the reference bath to 
±0 05 °C Each junction must be individual- 
ly calibrated and will serve during daily use 
for about 10 days, failure being caused by 
rusting of the iron wire near the tip 

Specially designed potentiometers for use 
with iron-constantan thermocouples and con- 
taining automatic reference junction com- 
pensators are available commercially In- 
struments of this type will afford greater 
convenience of measurement, but less sen- 
sitivity, than the circuit which has been 
described 

For use, the junctions are lubricated and 
inserted rectally to a depth equal to the 
length of the catheter tubing, and the end 
of the steel spring is firmly fastened with 
adhesive tape to the base of the rat’s tail, 
which is first covered with a layer of gauze 
to minimize irritation The adhesive tape 
is then covered with a piece of 40 mesh brass 


gauze (about X -Hs in after the edges 
have been doubled over) which is held m 
place with 2 or 3 turns of wire 
After insertion of the thermocouples, the 
rats are returned to their cages, and the first 
readings may be taken about 30 minutes 
later The junctions may be left m place 
for considerable periods of time In the se- 
verest test to which the apparatus has been 
put, the temperatures of 9 rats were taken 
over 10 7-hour periods during 13 consecu- 
tive days When the rats were sacrificed 
at the end of this time no lesions of the 
rectum or anus were found Temperatures 
taken on a typical day are presented m Fig 1 

Summary 1 An apparatus for the meas- 
urement of the rectal temperatures of rats 
while they are free m their cages has been 
described 2 An observed instability of read- 
ings which was presumably caused by reduc- 
tion of heat loss or by excitation is avoided 
with this technic 3 Typical results ob- 
tained at intervals during the day have been 
presented 
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Blood Concentration of P-chloro-xylenol in Man Following Parenteral, 
Percutaneous and 'Rectal Application * 

Bernhard Zondeic and Michael Finxelstein t 
From the Obstetrical Gynecological Dcpmtment, Rothschild jSadasiah University Hospital and 
the Hormone Kesccirch Laboratory, Hebrew Umvei <nty, Jerusalem, Palestine 


It has been shown 1 2 that halogemzed 
phenols and especially p-chloro-xylenol (3 5- 
dimethyl, 4-chIorophenol, referred to subse- 
quently as CX), and its derivatives exert a 
chemotherapeutic effect m man, in urogenital 
and general septic infections Because of 
local irritation large amounts of these sub- 

* Aided bj a grant from the Rockefellei Found-! 
tion 

f We ne deeply obliged to Drs Bromberg, 
Brzezmshi, Weber and Sulman for assistance ion 
dered 

1 Zondek, B , Nature, 1942, 149, 334 

2 Zondek, B , J Urology, 1942, 48, 747 


stances cannot be administered parenterally 
We have, therefore, availed ourselves of ex- 
perience gained in estrogenic hormone thera- 
py 3 and applied CX percutaneously Concur- 
rently, CX is introduced rectally In this 
paper it will be shown that free CX appears 
in blood of patients treated with CX by 
various routes of administration CX was 
determined m blood according to Zondek ct 
al* 

3 Zondek, B, Kim Wschr,~1929, 48, 2229, 
Schwa Med Wschr , 1935, 65, 1108 

4 Zondek, B, Shapiro, B, and Hestnn, X 
Bioch J , 1943, 87, 589 
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1 CX in blood after intramuscular injec- 
tion \ 10% solution of CX in olive oil con- 
taining 2% anesthesin was employed Other 
\ chicles proved unsatisfactory Doses of 10- 
20 cc (1 and 2 g CX respectively) were in- 
jected intragluteally into 12 healthy and dis- 
eased subjects The blood was analyzed 2 
to 6 times during the 48 hours following ad- 
ministration of the drug In 3 cases no 
demonstrable amount of CX was found in the 
blood following administration of 1 g of CX, 
but in the other cases 1 mg% of CX was 
found 2-4 hours after the injection The 
highest value found was 4 mg% 12 hours 
after injection m a case of hepatitis With 
2 g CX the blood content of CX was higher 
In one case, 1 2 mg% was found 1 hour after 
injection, in 2 other cases 1 5 mg% and 3 
mg% respectively 2 hours after injection 
4fter 24 and 36 hours a concentration of 1 
mg% was still demonstrated, whereas after 
48 hours the blood contained no CX 

2 Gastro-mtestmal or rectal absorption of 
CX a Stomach CX on the tongue pro- 
duces a numb sensation followed by burning 
The oral administration of large quantities 
of this substance is therefore difficult In 
one case it was possible to administer 10 g 
of CX dissolved in oil by this route without 
untoward after-effects Blood analyses in 
this case gave the following results after 1 
hour — 2 mg%, after 24 hours — 1 4 mg%, 
after 48 hours — 0 The blood concentration 
of CX after oral administration of 10 g 
does not exceed that obtained following intra- 
muscular administration of 2 g of CX We 
assume that this is due to removal of CX 
from the alimentary tract by the vena portae 
to the liver where by combination with 
glucuronate and sulfate it is rapidly inac- 
tivated t 

b Rectum CX in 10% oil solution with 
2% anesthesin can be administered rectally 
without injurious effect Doses of 20 cc were 
administered once and twice daily, with a 
narrow catheter, backflow being prevented by 
closing the catheter with a clamp Three 
patients were treated in this way Follow - 

t Liver imetiv ntes CX 'is will be reported else 
w here 


ing administration of 2 0, 2 S and 4 0 g by 
this route, the following blood values were 
recorded after 2 hours — traces, 1 mg% and 
3 mg% respectively, after 24 hours — 1 mg% 
and traces in the other cases, after 48 hours — 
traces in all 3 patients 

3 Percutaneous administration Prelim- 
inary experiments indicated that large 
amounts of CX (10-30 g per day) can be 
administered percutaneously to man with no 
toxic effect Eleven patients were treated 
percutaneously with 40% CX in alcohol-oil 
solution prepared by dissolving 100 g of CX 
m 100 cc ethanol and then adding an equal 
amount of olive oil gradually under continu- 
ous agitation The results show that follow- 
ing percutaneous administration of a dose 
of 2 g, CX did not appear m demonstrable 
amount m the blood After 5 g, traces were 
found, and after a dose of 8 g, 1 mg% CX 
was found after 3 hours, and 4 mg% after 
24 hours Following administration of larger 
doses (20 g), 4 mg% CX was demonstrable 
in the blood within one-half hour of the 
application and 1 mg% was still demonstrable 
in free form even after 72 hours $ 

CX is thus resorbed by the shm, passes 
thence into the blood, and persists there for 
considerable periods of time The prolonged 
presence of CX in the blood can probably 
be ascribed to the slow r absorption of CX from 
the skin which thus acts as a depot 

4 CX m the skill In conclusion it is of 
interest to note that skin treated with CX 
solutions or ointments remains sterile for 12 
hours, a finding which in view of the known 
high disinfectant potency of CX is not un- 
expected In performance of gynecological 
operations (Z ) the skin of the hypogastrium 
was vigorously anointed with 40% CX m oil- 
alcohol-solution 2-16 hours before operation 
In one case 500 cm- of the skin was anointed 

$ Unfortunately, we were unable to carry out 
similar experiments with CX ointment, as our 
original American lanolin material was exhausted 
In view of the greatei bacteriostatic power of 
blood of patients who had received this CX 
lanolin as compared with patients treated with 
CX oil alcohol solution it seems possible that the 
eoncciitr ition of CX in the blood of these patients 
w is correspondingly higher 
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with 4 0 g CX 2 hours before operating Dur- 
ing operation 3 cm 2 of skin and subcutaneous 
tissue was removed and later analyzed With- 
out subcutaneous tissue it contained 2 5 mg 
CX, i e 10 4 % of that applied to the area 
In another case treated with 4 0 g CX on an 
area of 450 cm 2 , 0 3 mg CX was found 15 
hours after the inunction in 2 0 cm 2 skin, i c 
1 7 % of the CX applied In the subcutaneous 
adipose tissue only 1-2 mg per g tissue were 
found The findings show that CX pene- 
trates into and through the skin 

Summary The presence of free p-chloro- 


xylenol (CX) in the blood shows that this 
substance is resorbed after parenteral, oral, 
rectal, as well as percutaneous application 
Only 1% of the amount of CX applied was 
detected in the blood In percutaneous treat- 
ment, the skin acts as a depot from which 
CX is slowly resorbed into the blood, and as 
a result a prolonged circulation of CX in 
active form m the blood is obtained The 
prolonged circulation of CX in the blood in 
active form following different routes of ad- 
ministration renders its chemotherapeutic ef- 
ficacy in man comprehensible 
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Influence of Thiouiea on Oigan Weights of Rats as Related to Food Intake 

James H Leathem 

Thom the Dcpaitmrnt of ZonJoau and the Suifnu of Bioiooical rcseaich 
Butpeis Vnncisily Xcn Brunsniel , X J 


Thyroid In pertroph} is invariably observed 
following the administration of antithyroid 
drugs but the influence on other bod\ organs 
is not definitely established 1 Since it is 
known that thiourea or thiouracil will reduce 
food intake 2 " 1 and since inanition alone will 
alter organ weights, the present investigation 
was undertaken to determine the influence 
of reduced food intake alone on organ weights 
Therefore, organ weights of thiourea-fed, 

i Riker W F and Wescoe, W C, Am J Heel 
f>c lO-fi, 2X0 Cb'i 

-Willnms R II WtmgHss A R Busell G 
W nml Pettr- J E Endocunoloqp 1044 34,317 

" I e it him, T II , Eudocrtnoloaq, 1041 3G 9S 
i Astwo id E B, Rullmn T Bissel! \ and 
T\ -limit?., R Endocn nnloqu, 1043 32, J10 
" IIllKlit- \ H , Endocmwloqq, 1044 3X 00 
' Goidon \ *« Goldsmith E D Clnnppcr II 
\ 1 ed Erne 104S 4 js 


pair-fed and ad-libitum-fed rats were com- 
pared 

Male rats of the Long-E\ans strain, rang- 
ing from 139 to 162 days m age, were used 
These animals w ere kept m metabolism cages 
for the measurement of dailj food intake 
Thiourea was fed as half of one percent of 
the stock diet for a period of 20 to 27 dais 
At a u tops} the fresh weight of the pituitan , 
adrenals thtroid seminal vesicles (including 
the coagulating gland and am contained 
fluid), kidneys and liter was recorded The 
anterior pituitary was assat ed for gonadotropic 
hormone content m the same manner as re- 
ported previoush 3 

Uerage food consumption per rat during 
the first 20 da\s totaled 25S g for the 
thiourea-fed rats as compared with 340 g for 
normal rats eating ad libitum Furthermore 
the thiourea-fed rats exhibited a bodt wei~it 
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TABLE I 

Influence of Thiourea on Organ Weights of Bats 


Teatment 
(No of ra 

Avg organ w t g 

Aig organ vt g per 100 g body ivt 

Thiouica 

fed 

its) (20) 

Noimal 
pair fed 
(20) 

Thiourea 

fed 

(20) 

Normal 
pair fed 
(20) 

-\ 

Normal 
ad lib fed 
(20) 

Pituitarr 

0 009 

0 009 

0 004 

0 003 

0 003 

Adrenals 

0 025 

0 030 

0 010 

0 011 

0 010 

Thyroid 

0 036 

0 022 

0 014 

0 008 

0 008 

Testes 

2 899 

2 856 

1 126 

1020 

1063 

Seminal vesicles 

0 694 

1 082 

0 267 

0 382 

0 377 

Kidnej 

2 533 

2 545 

0 977 

0 919 

0 891 

Liver 

10 082 

10 525 

4 057 

3 772 

3 984 



TABLE II 




Gonadotiophic Potency of Bat Pituitaiies 





Becipients 


Donois 




Ai g oigan m t — mg 

Treatment 

Amt A P No 

of iats Avgbodjwt 

0\ cries 

Uteri 


mg 


S 



— 

— 

10 

55 1 

13 4 +10* 

24 7 -t-14 

Tlnouita 

89 

13 

59 4 

910-1-7 5 

72 1 -+- 7 2 

None — pan fed 

85 

13 

57 2 

94 0 ± 6 5 

68 7 ± 4 2 


* Hein deuation of mean = f \ — — — 

V n(n — 1) 


loss averaging 46 g whereas the normal rats 
gained 17 g The pair-fed normal controls 
lost only 19 g in weight although food intake 
was restricted to that of thiourea-fed rats 
Examination of organ weights revealed the 
anticipated thyroid hypertrophy but the 
weights of the adrenals, testes, kidney and 
liver were not affected The pituitaries were 
slightly heavier following thiourea feeding 
but the increase was not significant Further- 
more, the degree of food restriction imposed 
on the rats pair-fed with the thiourea-fed 
rats was not sufficient to alter the normal or- 
gan weight/body weight ratio (Table I) 
Other investigators have also indicated that 
the above organs do not change in weight 
m animals receiving antithyroid drugs - 3 7-9 
However, Baumann and Marine 10 have re- 

TKiclitci, C P, and Chsbj, K H, Arch Path , 
1142, 33, 46 

S Leblond, C P , and Hoff, H E , Lndoci mology, 
1944, 35, 229 

a Goldsmith, E D Gordon, A S , and Clnuppei, 

II A, Endocnnology, 1945, 30, 364 

io Baumann, E J , and Manne, D, Vndocnnolo 
d, I, 1045, 30, 400 


ported a definite decrease in adrenal weight 
due to cortical atrophy m the presence of 
slight medullary hypertrophy whereas Ken- 
nedy and Purves 11 observed adrenal hyper- 
trophy An increase in pituitary, kidney and 
liver size has also been reported to occur 
when thiourea or thiouracil is administered 8 
Although our data do not reveal an influ- 
ence of thiourea on most organs over the 
20-day period we have consistently obtained 
a reduction in seminal vesicle weight (Table 
I) It was of interest to find that gonadotropic 
hormone of the anterior hypophysis of 
thiourea-fed and pair-fed rats did not differ 
although the decrease in seminal vesicle weight 
suggested a decrease m release of luteinizing 
hormone (Table II) 

Summary The reduction in food intake 
caused by the addition of a half of one per- 
cent of thiourea to the diet for 20 days did 
not influence organ weight/body weight ra- 
tios in spite of a body weight loss In addi- 
tion to thyroid hypertrophy, a decrease in 

11 Kennedy, J H, and Purics, H D, Brit J 
Z> Path, 1041, 22, 241 
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seminal vesicle weight was evident after feed- 
ing thiourea, although the gonadotropic 
hormone content of the pituitary of thiourea- 


fed and pair-fed rats did not differ Pituitary, 
testis adrenal kidney and liver weights were 
not significant!} changed 
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Tempeiature Coefficients of Hemolysis of a Few Types of Nucleated 

Erythrocytes * 

F R Hunter (Introduced b\ A A Hellbaum ) 

riom the Deportment of / oolorjii , Unncr6i1y of OhJohoma, Xorman , OJlahomo 


JacoLs ct al 1 ha\e presented a series of hemohsis of \anous t}pes ot mammalian 
data giving temperature coefficients for the er\throc\tes in non-electrol\ tes These data 

TABLE I 

Temperature Coefficients for Hemolysis m Isosniotic Solutions 

Time in seconds for S0% liemolj sis Mean Q 10 

Type of Peneti ltmg , — . 10° 50° (except when 


blood 

substance 

10° 

20° 

O 

O 

CO 

40° 

50° 

enclosed in parentheses) 

Turtle 

IIoO 

04 

5 5 

40 

40 

2 S 

1 23 


Hrea 

99 

SS 

S 7 

72 

5 3 

117 


Ethylene gljcol 

107 0 

414 

22 2 

lib 

67 

2 00 


Methyl alcohol 

74 

SO 

64 

52 

3 S 

(128) 


Ethel 

8 5 

70 

53 

5 0 

39 

1 oo 


Propi 1 ” 

97 

9 b 

7 S 

61 

48 

(126) 

ChicKen 

H.O 

3S 1 

213 

13 0 

85 

5 0 

1 60 


Urea 

S79 0 

47G 0 

322 0 

134 0 

714 

1S7 


Ethylene gljcol 

So 8 

42 2 

23 6 

12 2 

72 

1 SO 


Glycerol 


1450 0 

455 0 

150 0 

815 

(2 61) 


Metlivl alcohol 

34 S 

20 S 

13 1 

SO 

46 

166 


Ethel 

35 7 

20 5 

141 

74 

44 

1 69 


Propyl ” 

37 4 

21 2 

13 5 

84 

4.4 

1 70 

Monk Fish 

II ,0 

110 0 

73 7 

02 3 

48 5 

65 

2 06 


Urea 

1G23 0 

551 0 

299 0 

178 0 

75 3 

2 16 


Glycerol 

1025 0 

905 0 

342 0 

143 0 

619 

2 55 


Metlivl ilc olio 1 

449 0 

34G 0 

103 0 

23 2 

10 9 

2 53 


Propyl ’ ’ 

1710 

107 0 

79 2 

11 3 

52 

2 39 

Dog Fish 

H.O 

50 0 

24 S 

15 4 

S 4 

5 1 

1 77 


Urea 

1030 0 

51S 0 

2G4 0 

12S 0 

65 7 

199 


Ethj lenc gh loI 

117 0 

55 8 

25 S 

13 S 

S3 

194 


Glycerol 

2515 0 

1114 0 

724 0 

293 0 

141 0 

2 05 


Methyl nlcoliol 

41 7 

27 S 

14 4 

79 

5 1 

1 69 


Ethyl ” 

43 S 

27 0 

13 7 

7 6 

5 1 

1 71 


Propvl 7 7 

50 9 

29 3 

15 3 

7 0 

42 

1S7 

Brnr Shite HoO 

G5 4 

32 8 

19 7 

10 7 

47 

193 


Ure i 

1132 0 

309 0 

103 0 

78 2 

16 8 

2S7 


Etlnkne gheol 

109 0 

47 0 

33 0 

14.0 

76 

2 17 


Glvcerol 

2593 0 

599 0 

287 0 

13S 0 

443 

2 77 


Methyl nlcohol 

45 2 

19 S 

14 0 

S5 0 

40 

1 S3 


Ethyl ” 

57 5 

25 0 

14.2 

9 1 

3 1 

2 OS 


Propvl * 7 

57 7 

2S9 

99 

4 9 

IS 

2 3S 

B*irn door 

H.O 

113 0 

40 0 

24 7 

14 3 

67 

2 03 

Sk ite 

Urea 

753 0 

393 0 

142 0 

69 4 

27 5 

2 29 


Etln lene glviol 

1S3 0 

/o i 

42 7 

271 

11 2 

2 01 


Ghcerol 

2750 0 

SS3 0 

315 0 

194 0 

SO 3 

2 42 


Metln 1 nlcohol 

SI 0 

50 1 

25 3 

13 9 

5 0 

1 96 


Ethyl ’ ’ 

SO (. 

42 5 

22 1 

JO o 

5 1 

2 03 


Propv 1 ’ ’ 

103 0 

50 S 

25 0 

97 

3 S 

2 2S 


Vvg \ ilms baced on 1 411 individual observations 


* The e\piniiKiits lnrein reported were per ^tate College Kingston, R I 
foimid in tin Zoologi Dipaitnimt Rhode Island l Tacob® M II Glassnnn, II X and Parp->rt, 
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table I 

Influence of Thiomea on Organ "Weights of Eats 



As g organ vt g 

Avg organ w t g per 100 g body wt 


Thiourea 

Normal 

Thiourea 

Normal 

Normal 

Teatment 

fed 

pair fed 

fed 

pair fed 

ad lib fed 

(Ao of rats) (20) 

(20) 

(20) 

‘ (20) 

(20) 

Pituitary 

0 009 

0 009 

0 004 

0 003 

0 003 

Adrenals 

0 025 

0 030 

0 010 

0 011 

0 010 

Thyroid 

0 036 

0 022 

0 014 

0 008 

0 008 

Testes 

2 899 

2 856 

1 120 

1020 

1 063 

Seminal vesicles 

0 694 

1082 

0 267 

0 382 

0 377 

Kulnev 

2 533 

2 545 

0 977 

0 919 

0 891 

Liver 

10 082 

10 525 

4 057 

3 772 

3 984 



TABLE II 




Gonadotrophic Potency of Eat Pituitanes 





Eecipients 


Donois 




Ai g organ w t — mg 

Treatment 

Amt A P No of lots Avgbodywt 

r 

Ovanes 

Uteri 


mg 


g 





— 10 


551 

13 4 -f- 10* 

24 7 •+■ 14 

Thiourea 

8 9 13 


59 4 

910 •+■ 7 5 

72 1 -+- 7 2 

None — pail fed 

8 5 13 


37 2 

94 0 ± 6 5 

68 7 ->-4 2 

* Mean demotion of mean — e — \ 

j Sd2 






\ 

/ n(n — 

1) 




loss averaging 46 g whereas the normal rats 
gained 17 g The pair-fed normal controls 
lost only 19 g in weight although food intake 
was restricted to that of thiourea-fed rats 
Examination of organ weights revealed the 
anticipated thyroid hypertrophy but the 
weights of the adrenals, testes, kidney and 
liver were not affected The pituitaries were 
slightly heavier following thiourea feeding 
but the increase was not significant Further- 
more, the degree of food restriction imposed 
on the rats pair-fed with the thiourea-fed 
rats was not sufficient to alter the normal or- 
gan weight/body weight ratio (Table I) 
Other investigators have also indicated that 
the above organs do not change in weight 
m animals receiving antithyroid drugs 2 3 7 ' 3 
However Baumann and Marine 10 have re- 

v Eiclitei, C P , and Clisbv, K H , Arch Path , 
1942, 33, 46 

s Lebloinl, C P , and Hoff, H E , Endocunology, 
1944, 3o, 229 

i Goldsmith, E D Gordon, A S , and Chanppei, 

H A, Endoct inology, 1943, 36, 364 

io Baumann, E J, and Hume, D , Endocunoto 
<iy, 1943, 36, 400 


ported a definite decrease in adrenal weight 
due to cortical atrophy in the presence of 
slight medullary hypertrophy whereas Ken- 
nedy and Purves 11 observed adrenal hyper- 
trophy An increase in pituitary, kidney and 
liver size has also been reported to occur 
when thiourea or thiouracil is administered 8 
Although our data do not reveal an influ- 
ence of thiourea on most organs over the 
20-63}' period we have consistent!} obtained 
a reduction m seminal vesicle weight (Table 
I ) It was of interest to find that gonadotropic 
hormone of the anterior hypophysis of 
thiourea-fed and pair-fed rats did not differ 
although the decrease in seminal vesicle weight 
suggested a decrease m release of luteinizing 
hormone (Table II) 

Summary The reduction in food intake 
caused by the addition of a half of one per- 
cent of thiourea to the diet for 20 days did 
not influence organ weight/body weight ra- 
tios in spite of a body weight loss In addi- 
tion to thyroid hypertrophy, a decrease in 

n Kennedy, J H, and Punes, H V, Erit J 
Exp Path , 1941, 23, 241 
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of Bakersfield and Amn He armed in 
Stockton (San Joaquin Count} ) on Septem- 
ber 4 or 5 1045, and Ined at an auto trailer 
camp about 6 miles east of the citv On 
the morning of September 11 he was obser\ed 
to be irrational and to walk with a stumbling 
gait, and was hospitalized with a diagnosis 
of acute encephalitis of undetermined etiolog} 
E\amination of the spinal fluid on admission 
showed the following 10 red cells 20 white 
cells, Pand\ ’s reaction +, Gram stain for 
organisms negatne, sugar SI 4 mg per 100 cc, 
chloride 720 mg per 100 cc, Kolmer’s test 
4 colloidal gold cur\e 0-0-1-2-1-0-0-0-0 
Blood examination on admission showed 
hemoglobin S3 percent, white blood cells 
20,900 polymorphonuclears 76, lymphocytes 
14, mononuclears 10 stabs 5, Kolmer and 
Kline tests both 4 -f- The temperature at 
the time of admission was 107 4°, under 
treatment with medication and icecaps it 
dropped to 103° b\ the 3rd da\ then rose 
to 105 3° at the time of death on the 4th 
hospital da} On post-mortem examination 
there was found some passive congestion of 
the lungs, a few scars in the lner, and an 
acute congestion and severe edema of the 
brain, the rest of the organs showed nothing 
unusual 

A 20 percent suspension of brain tissue 
in 10 percent normal rabbit serum broth was 
prepared and spun at 1500 rpm for 15 
minutes m an angle centrifuge The super- 
natant fluid was inoculated intracerebrally 
(0 1 ml) into 2 guinea pigs, lntraperitoneallv 
(0 03 ml) into S mice 14 days of age, and 
b\ the combined intracerebral (0 03 ml) 
and mtraperitoneal (0 1 ml) routes into S 
mice 20 da}s of age Neither guinea pig 
showed evidence of infection during the one 
month observation period Of the 14-da} - 
old mice, one was found dead on the 8th 
day and one on the 9th day, 2 were ill on 
the 9th day and were found dead on the 
10th day, and 4 survived and were dis- 
carded on the 21st da} Of the 20-da} -old 
mice, one was found dead on the 5th da} 
and the remaining 7 were obviously ill on 
the 7th da}, showing ruffled fur, hunching, 
tremors, and ataxia Four of these animals 
were killed, and their brains were pooled 


and passaged b} combined mtracerebral- 
mtraperitoneal inoculation into 14- to 15- 
da}-old mice the remaining 3 animals were 
killed on the 12 th da} and their brains 
similar!} inoculated m 1 5-da} -old mice In 
both cases the passage mice showed ruffling 
of the fur, convulsions, tremors, ataxia and 
parahses of hmd or fore limbs after an in- 
cubation period of 4 to 6 da\s 

Aerobic and anaerobic bacteriologic cultures 
of infected brains were either sterile or oc- 
casional!} showed the presence of a few r 
saprophytic bacteria Since Berkefeld N and 
W and Seitz EK filtrates were bacteriolo- 
gical!} sterile } et highly pathogenic for mice, 
the agent was regarded as a virus For con- 
venience, it has been designated the Winkler 
strain 

In an attempt to identify the agent, guinea 
pigs and hamsters were inoculated mtra- 
cerebralh (0 1 ml), lntraperitoneallv (0 5 
ml) or b} both routes combined with a 
1 percent suspension of brains from the 3rd 
mouse passage Three animals were inoculat- 
ed b} each route, all survned without show- 
ing any evidence of infection during a 3- 
week obserxation period The lack of 
pathogeniciU for guinea pigs was considered 
possibh to rule out several viruses, and the 
failure to produce apparent infection in 
hamsters to rule out others, including the 
St Louis unis, to which this species has 
been reported as susceptible 3 c Neverthe- 
less on the assumption that newly isolated 
strains of a \irus might fail to produce ob- 
\ious infection m species normalh suscepti- 
ble to highly passaged laboraton strains of 
the same virus, neutralization tests were done 
using the It inkier virus and rabbit or guinea 
pig immune sera to the Eastern equine en- 
cephalon)} elitis, Western equine encephal- 
omyelitis hmphoc} tic choriomeningitis, Japa- 
nese B, St Louis (Hubbard strain) and Wink- 
ler \iruses, and to an unidentified \ irus isolated 
from mosquitoes of California by Hammon 

^ Brown, G O , Muethex, B O , ilezcra, B A , md 
LcGiei M,Ppoc Soc E\p Biol avd Mei> , 1941, 
40, 601 

GLennette, E H, Ppoc Soc Exp Biol axx> 
ItEU, 1041, 47, 17S 
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have recently been utilized in an attempt to 
relate species differences in permeability to 
possible chemical differences in the cell mem- 
brane (Dziemiarr and Ballentine "*) 

Because of their possible use m future 
studies, and for comparative purposes, the 
data in lable I are presented giving tem- 
perature coefficients of hemolysis of nucleated 
erythrocytes of several species 
The technic employed in these experi- 
ments xxas essentially that used by Jacobs 
et a ! 1 In general, the temperature coefficients 
of hemolvsis for these nucleated erythrocytes 


Aitliur K , 3 Cell and Comp Physiol , 1935, 
197 

2 D/h mini, Aitliui J, J Cell and Comp 
Physiol 1939, 14, 103 

" B ilkutine Kobeit, J Cell and Comp Physiol, 
1944 23 21 


are of the same order of magnitude as those 
obtained using mammalian red cells These 
data are too fragmentary to justify a detailed 
analysis However, certain comparisons can 
well be made with data described by Jacobs 
and Glassman 4 These authors point out that 
in fishes (elasmobranchs and teleosts) the 
permeability to ethylene glycol is high, in 
birds the permeability to ethylene glycol and 
glycerol is very' great and nearly equal, and 
much less to urea, except in the duck and 
chicken, and permeability to urea is great in 
reptiles The present data are m complete 
agreement Ethylene glycol permeability is 
high in the four fishes studied, urea and 
glycerol permeability is high in the chicken, 
and the turtle exhibits a very high 
permeability to urea 

4 Jacobs, XI H , ond Glassnnn, H N , Biol Bull , 
1937, 73, 387 
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Isolation of St Louis Encephalitis Vn us from a Fatal Human Case in 

California *t 


Edwin H Lennette 

Piom Ihc Puns Lahoiatoiy, Division of Lahoratoncs, California State Dcpai tment of 

Public Health, Bcrlclcy 


Hamilton and Reeves 1 have recently re- 
ported recovery of the St Louis encephalitis 
virus from naturally infected mosquitoes 
{Aedes dot salts Meigen) caught in Kern 
County California, in 1944, the first isolation 


*Tlie work on which this piper is based ms 
conducted tilth the support and under the auspices 
of the International Health Division of The Boche 
feller Foundation m cooperation with the Cnlifoi 
ilia State Department of Public Health 

t The author is indebted to Dr John J Sippi, 
District Health Officer of the San Joaqum Local 
Health Distuct, for clinical and epidemiologic 
clata and to Dr Elmer TV Smith, Pathologist to 
the San Joaqum General Hospital, for information 
on the clinical and post mortem findings and for 
furnishing pathologic material for ^animation 
i Hammou, XV SIcD , and Beeves, XV C, Am J 
Puh Health, 1945, 35, 994 


of this virus from any source in this state 

The present report describes the isolation 
of the St Louis virus from a fatal human 
case in California This is the first time 
the virus has been isolated from any vertebrate 
host outside the endemic St Louis area, and 
furnishes additional, more direct, evidence 
to that obtained from serologic studies , 2-4 of 
the activity of this virus in California 

The patient was an itinerant agricultural 
worker who, during the past year, had re- 
sided in Kern County in the neighborhood 

2 XV% nns, H L, and Haulej, C J , Am J Pith 
Health, 1939, 20, 781 

3 Hewitt, B P, Am J Puh Health, 1939, 29, 
10S3 , ibid, 1942, 32, 503 

4 Hammou, XV McD , Beeies, XV C, and Galindo, 
F , Am J Hygiene, 1943, 42, 299 
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of Bakersfield and Arvin He armed m 
Stockton (San Joaquin County) on Septem- 
ber 4 or 5 1945, and lived at an auto trailer 
camp about 6 miles east of the city On 
the morning of September 11 he was observed 
to be irrational and to walk with a stumbling 
gait, and was hospitalized with a diagnosis 
of acute encephalitis of undetermined etiology 
Examination of the spinal fluid on admission 
showed the following 10 red cells, 20 white 
cells, Pandvs reaction -f-, Gram stain for 
organisms negative, sugar SI 4 mg per 100 cc, 
chlonde 720 mg per 100 cc Kolmers test 
4 colloidal gold cur\e 0-0-1-2-1-0-0-0-0 
Blood examination on admission showed 
hemoglobin S3 percent white blood cells 
20,900, polymorphonuclears 76, lymphocytes 
14, mononuclears 10 stabs 5 Kolmer and 
Kline tests both 4 -j- The temperature at 
the time of admission was 107 4'% under 
treatment with medication and icecaps it 
dropped to 103 3 by the 3rd day' then rose 
to 105 3° at the time of death on the 4th 
hospital day On post-mortem examination 
there was found some passu e congestion of 
the lungs, a few scars m the liver, and an 
acute congestion and severe edema of the 
brain the rest of the organs showed nothing 
unusual 

A 20 percent suspension of brain tissue 
in 10 percent normal rabbit serum broth was 
prepared and spun at 1500 rpm for 15 
minutes in an angle centrifuge The super- 
natant fluid was inoculated mtracerebrally 
(0 1 ml) into 2 guinea pigs, lntraperitoneallv 
(0 03 ml) into 8 mice 14 days of age, and 
by the combined intracerebral (0 03 ml) 
and mtrapentoneal (0 I ml) routes into S 
mice 20 days of age Neither guinea pig 
showed e\ idence of infection during the one 
month observation period Of the 14-day - 
old mice, one was found dead on the Sth 
day and one on the 9th day , 2 were ill on 
the 9th day r and were found dead on the 
10th day’, and 4 sumved and were dis- 
carded on the 21st day Of the 20-day -old 
mice, one was found dead on the 5th day 
and the remaining 7 were obviously ill on 
the 7th day, showing ruffled fur hunching 
tremors, and ataxia Four of these animals 
were killed, and their brains were pooled 


and passaged by combined mtracerebral- 
mtrapentoneal inoculation into 14- to 15- 
day-old mice the remaining 3 animals were 
killed on the 12 th day and their brains 
similarly inoculated m 15-day -old mice In 
both cases the passage mice showed ruffling 
of the fur convulsions, tremors ataxia and 
paralyses of hind or fore limbs after an m- 
cubatton period ot 4 to 6 days 

Aerobic and anaerobic bactenologic cultures 
of infected brains were either sterile or oc- 
casionally showed the presence of a few 
saprophy tic bacteria Since Berkefeld X and 
IV, and Seitz EK filtrates were bacteriolo- 
gically sterile yet highly pathogenic for mice 
the agent was regarded as a virus For con- 
venience it has been designated the Winkler 
strain 

In an attempt to identify the agent guinea 
pigs and hamsters were inoculated intra- 
cerebrally (0 1 ml), intrapentoneally (0 5 
ml) or by both routes combined with a 
1 percent suspension of brains from the 3rd 
mouse passage Three animals were inoculat- 
ed by each route, all survived without show- 
ing any evidence of infection during a 3- 
week observation period The lack of 
pathogenicity for guinea pigs was considered 
possibly to rule out several viruses, and the 
failure to produce apparent infection m 
hamsters to rule out others including the 
St Louis virus, to which this species has 
been reported as susceptible ’ c Neverthe- 
less on the assumption that newly isolated 
strains of a virus might fail to produce ob- 
vious infection m species normally suscepti- 
ble to highly passaged laboratory strains of 
the same v irus neutralization tests were done 
using the Winkler virus and rabbit or guinea 
pig immune sera to the Eastern equine en- 
cephalomyelitis, Western equine encephal- 
omy ehtis lympbocy tic choriomeningitis, Japa- 
nese B St Louis (Hubbard strain) and Wink- 
ler viruses and to an unidentified virus isolated 
from mosquitoes of California by Hammon 

5 Broun, G O , Muether, K O , Jlezen, E A , and 
IrfGier M Ppoc S'oc Exp Biol, axd Med, 3941, 
4C> 601 

CLenncUe E H Pf.oc ^oc Exp Biol, ax’d 
Mfu , 1941 47 17S 
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TABLE I 

Effect of Age of Animal -mil Route of Inoculation on the Isolation of St Louis Encephalitis 

Virus m Mice 


Age of mice 

14 cl ns 21 28 days G 7 weeks 

Route of Moitalit} Moit Moit 


Inoiul ition 

1 itio 

% Mort 

ASTI 

latio 

% Mort 

AST 

ratio 

% Mort 

AST 

IP 

20/24 

S3 

dais 

no 

5/27 

18 

dais 

18 9 

3/18 

17 

days 
19 0 

IC 

1G/1S 

88 

98 

1G/26 

G2 

14 9 

8/21 

38 

171 

IP +IC 

13/14 

* <13 

111 

14/21 

G7 

15 9 

11/23 

4S 

1G 7 


’ Moit ility ratio the numerator rcpiescnts the numhu of mice th it died, the denominator the number 
of mice inoculated 

f AST aieiage sun i\ 'll time, computed on the bisis of a 21 daa obseivation period, according to 
tliL liiithod deiised In Kerr and dcscubed In Bughei a 


and Reeves 7 The tests were set up accord- 
ing to the technic previously described 8 Un- 
diluted sera avere mixed with dilutions of 
virus and inoculated intraperitoneally in 0 03 
ml amounts into mice 14 days of age, a 
group of 4 mice was used for each serum- 
virus mixture The immune serum against 
the Hubbard strain of St Louis virus neu- 
tralized 300,000 LD 5 o of the Winkler virus 
The homologous Winkler immune serum neu- 
tralized >300,000 LD 3 o and the remaining 
sera neutralized 10 LD50 or less of the virus 
Neutralization tests w r ere then done in the 
reverse direction, using the Hubbard strain 
of St Louis virus and Winkler and Hubbard 
strain immune sera Both sera neutralized 
>100,000 LD 30 of the known St Louis virus 
The Winkler virus was therefore regarded 
as a strain of St Louis encephalitis virus 
Inasmuch as the patient became ill within 
6 to 7 days after his arrival in San Joaquin 
County, it is not impossible that he may 
have acquired his infection m Kern County 


This is a point of some interest since, as 
mentioned above, Hammon and Reeves in 
1944 had found mosquitoes m Kern Count} 
to be infected with St Louis encephalitis 

virus U *1 

The Winkler virus was subsequently iso- 
lated in 2 additional instances m which the 
pathogenicity of the original human material 
Us tested m mice of different ag es Mice 


"75^^“ son'll communication 

fn this nr us Tt'iS hin(lh supplied 
The nntisermn to 

bv X>r Haimnon 


• nr .tUUliimm 

S Lennette, E H, and KoprowsU, H, 
iin/uol , 1044, 49, 373 


J Im 


of 14 days of age, and of 21 to 28 days 
and 6 to 7 weeks of age were inoculated m- 
tracerebrally (0 03 ml), intraperitoneally 
(0 1 ml), or by both routes, with a 10 
percent suspension of human brain tissue, 
the animals were examined daily during a 
4-w'eek observation period to record the num- 
ber of animals sick or dead 

The results of both experiments are sum- 
marized m Table I As is indicated by the 
mortality data, the 14-day-old mice were 
much more highly susceptible to infection by 
the mtraperitoneal route than were the older 
mice Similarly, the 14-day-old animals were 
more susceptible to infection by the intra- 
cerebral or combined mtracerebral-mtra- 
peritoneal routes than were the older animals, 
the difference in the mortality between the 
2-week-old and the 6- to 7-week-old animals 
is especially striking, and quite different from 
that observed wnth a highly passaged labora- 
tory strain of St Louis virus inoculated m- 
tracerebrally 10 The average survival times 9 
also point to the decreasing susceptibility wnth 
age to infection by the several routes used 
It appears, therefore, that for the isolation 
of certain viruses, at least, the use of young 
animals is desirable, and that if older ani- 
mals are employed somewhat larger numbers 
should be inoculated to compensate for the 
lower degree of susceptibility It would 
seem, also, that combined inoculation by 2 
routes is a desirable procedure to enhance 

Bnglicr, T C , Am J Trop Med , 1940, 20, 
S09 

10 Lennette E H, ind Koprouski, II, J Im 
mini 61, 1944, 49, 175 
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TABLE II 


Influence of Age on Susceptibility of Hamsters to Infection with tlie lUinUcr Strain 


Inoculum 

2 3davs 4 days 

Mortality ratios 

Age of test hamsters 

6 7 dars 10 13 da vs 15 16 days 6 S weelsr 

0+ mot 

10% human biain 
10% 3rd passage 
mouse brain 

G/o 0/5 

0/9 

0/4 

10/10 

0/3 

13/13 16/20 1/12 

1/10 


* Inoculation ins done by the intracerebral route, animals up to 16 days of age weie given 


0 03 ml, older animals 0 1 ml 

t Avenge weight of animals m this group was 53 8 g 
* ” ” ” ” ” ” ” ” 154 g 


the possibility' of infection 

As mentioned above, hamsters inoculated 
with a suspension of the human brain sur- 
vived without obvious signs of infection 
Since hamsters are highly susceptible 30 to 
infection with laboratory passage strains of 
the St Louis virus, the apparent lack of 
pathogenicity of the Winkler strain for this 
species was investigated Hamsters of vari- 
ous ages were inoculated mtracerebralh with 
10 percent suspensions of the original human 
brain material or of 3rd mouse passage brains, 
animals up to 16 days of age received 0 03 
ml, the older animals 0 1 ml The results 
are brought together m Table II 

As is shown in Table II, hamsters as young 
as 2 to 3 days of age resisted infection with 
the original human brain material After 3 
passages in mice, however, the virus proved 
to be highly lethal for young hamsters but 
not for the older animals Table II shows 
that 3rd mouse passage virus was uniformly 
lethal for hamsters up to 10 to 13 day's of 
age and that the break m susceptibility oc- 
curred at about 15 days of age, since only 7 
16 of 29 animals of 15 to 16 day's of age 
succumbed to the infection Animals 6 to 
8 weeks of age or older were practically' in- 
susceptible, only' 2 of 22 animals m this 
group died, one with and one without obvious 
evidence of illness on the day' preceding 
death 

On the possibility that the local hamster 
strain might represent one resistant to the 
St Louis virus, the Hubbard strain of virus, 
used m previous studies 6 on the susceptibility 
of hamsters to St Louis virus, was titrated 
in animals 6 to 8 weeks of age Serial ten- 
fold dilutions of a 10 percent suspension of 
100th mouse passage virus were prepared in 


serum broth and inoculated mtracerebralh m 
0 1 ml amounts 2 animals w ere used for 
each dilution The Hubbard strain proved 
to be uniformly lethal for local hamsters 
through a dilution of 10" 7 , the highest tested 
The resistance of hamsters older than 1 5 day's 
to lethal infection with the Winkler virus 
was therefore considered to be due to the 
low pathogenicity presumably associated with 
the low number of passages of this strain, 
and not to a refractory' state peculiar to the 
strain of hamsters used 

Hammon 11 has observed that freshly iso- 
lated strains of Western equine encephalomye- 
litis virus may' show a complete lack of 
pathogenicity for guinea pigs, similar to that 
described here for the Winkler St Louis 
virus in hamsters Much of the recorded in- 
formation on the susceptibility of \ arious ani- 
mal species to a given virus is based on the 
use of highly passaged laboratory strains. 
Failure of original source material to induce 
apparent infection m an animal species used 
for primarv isolation of a virus and gen- 
erally regarded as susceptible to that virus, 
or of freshly -isolated, low-passage virus to 
produce ov ert infections in such species, should 
therefore be accepted with reservations and 
not used as an infallible criterion for the 
elimination or inclusion of certain viruses 
attendant on attempts at identification 

Summary The virus of St Louis en- 
cephalitis was isolated from a fatal human 
case of encephalitis m California This rep- 
resents the first isolation of this virus from 
any vertebrate host outside the endemic St 
Louis area and the second isolation of this 
virus m California 

ii Hammon, W MeD , personal communication 
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It is considered probable that the patient 
acquired his infection in Kern County, where 
Hammon and Reeves have shown the ex- 


istence of naturally infected mosquitoes 
The pathogenic properties of the virus are 
described and discussed 
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Elimination in Human Feces of Infectious Hepatitis Virus Parenterally 

Introduced 


Walter 'P Havens, Jr (Introduced by F G Blake ) 

iron the Section of Preventive Medicine , Tale University School of Medicine 


Experiments in the transmission of injec- 
tions hepatitis and homologous set uni jaundice 
to human volunteers have revealed certain 
similarities and differences in the properties 
and distribution of virus, and route of infec- 
tion in these 2 conditions These points 
have been summarized recently by Neefe 
el al 1 The etiologic agents of both condi- 
tions are filtrable, resistant to a temperature 
of S6°C for 30 minutes, and transmissible 
to human volunteers in serial passage 2 ' 3 

In contrast to these similarities are certain 
differences namely, (1) the etiologic agent 
of infectious hepatitis is present in the serum 
and feces of patients in the acute phase of 
the naturally occurring or experimentally pro- 
duced (by feeding) disease 0-11 On the other 

r Repitsuiting \\ m k done foi the Commission on 
Neuiotiopic Virus Diseis.es, Arm) Epidemiological 
Bond, Preventive Medicine Sen ice, Office of the 
Smgeon Ot ncnl, United States Arinv 

Acknowledgment is made of the assistance and 
coopeiation of the following agencies Selective 
Service, Camp Opeiations Division and the Civilian 
Public Sen ice Unit No 140 


hand attempts to demonstrate the etiologic 
agent of homologous serum jaundice in the 
stools of patients with this disease have been 
unsuccessful 11112 (2) Infectious hepatitis 
may be produced in human volunteers by 
jecdnig or parenteral inoculation of infectious 
matenal - °~ n 13 In contrast, while homolo- 
gous serum jaundice has been produced ex- 
perimentally by parenteral inoculation of in- 
fectious serum, 3 - 3014 attempts to transmit 
this condition by feeding similar material 
have, with one exception, been unsuccess- 
ful 1 3 12 This one exception is an experiment 
of MacCallum and Bauer 4 who produced the 
disease in a human volunteer by feeding in- 
fectious serum 

In view of these apparent differences it 
appeared possible that the route of inoculation 
might affect the distribution of virus and 
thereby constitute an artificial difference be- 
tween these 2 conditions in experimental sub- 
jects Failure to recover virus from the 
stool of patients vv ith homologous serum jaun- 

s MacCalluni, F O , md Bradlei , XV H , Lancet, 
1944, 2, 228 


1 Neefe, T R, Stokes, J, Jr, and Gellis, S C, 9 linens, XV P, Jr, XV-trd, K , Dull, X r A, 

J,II J Med , 1943, 210, 501 and P ml, 7 B , Proc Soc Exp Biol and Med , 

2 Ilai ens, X\ T P, Jr, Proc Soc Exp Biol and 1944,57,206 

Med, 1945, 58, 203 mPind! n, G M, and XVilcox, B B, Lancet, 

3 Oliphant, T XV , Gilliam, A G , and Larson, 1945, 1, 212 

G L Pnh H Hep, 1943 , 58 , 1223 n Neefe, J B, Stokes, J , Ti , and Klicmliold, 

4 M icCatlnm, P O, and Bauer, D J, Lancet, J G, Jm J Med Sc, 1945, 210, 29 

1944 1 02 2 12 Unpublished experiments of the author 

5 Paul 1 P linens XV P, Jr, Sabin, A B, 13 Neefe, J B, and Stokes, J , Jr , J A M A, 

aucl Philip, C B, J A 21 A, 1945, 128, 911 1945, 128, 1003 

cVoeut IX Munchcn Med TVchnschr , 1942, 89, « Neefe, J R, Stokes, J , Jr , Rliemhold, J G, 

70 (Absti ) hull mo, 1942, 17, 331 and Lu kens, r P XV, J Clin Invest, 1944, 23, 

T Cameron JDS, Quart 3 M, 1943, 12, 139 830 
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Fig 1 

Illustration of results of administration to human volunteers of pools of serum and 
stool obtained during the acute phase (3 7th day) of S patients with infectious hepatitis 
experimentally induced bv parenteral inoculation of infectious material Open circle in 
dieates a volunteer who was inoculated and failed to contract the disease, black circles m 
dicate volunteers who contracted infectious hepatitis The figure adiacent to the black 
encles represents the length of incubation period m days 


dice suggested that more information on the 
relation between this condition and infectious 
hepatitis might be gained if a similar situation 
were found when infectious hepatitis was 
produced by parenteral inoculation 

It is the object of this paper to determine 
whether a strain of infectious hepatitis virus, 
introduced parcntcrally into human volun- 
teers, is eliminated in the feces of these same 
subjects when they contract the disease 
Materials and Methods Virus The strain 
of infectious hepatitis virus used in this 
laboratory was originally obtained from the 
stool of a U S Army soldier (BE) who 
contracted epidemic infectious hepatitis m 
Sicily m September 1943 9 It has been 
through 4 passages in human volunteers to 
date This agent is filtrable through an L2 
Chamberland filter and withstands heating to 
56°C for at least 30 minutes 2 It has pro- 
duced the disease in 27 out of 40 human 
\olunteers (including this experiment) inocu- 
lated parenteral!}' or orally with incubation 
periods ranging from 15 to 34 days 

Infectious materials employed in this ex- 
periment were pooled specimens of serum and 
of stools obtained during the acute (3-7th 


da\ ) stage of disease experimentally induced 
in S volunteers by parenteral inoculation of 
tins strain of infectious hepatitis Stool and 
serum were always collected from the same 
patient on the same day All material was 
stored at dry-ice box temperature for periods 
ranging from 3-7 months Before use equal 
amounts of the same material from each vol- 
unteer were pooled and treated in the follow- 
ing manner (a) serum was heated to 56°C 
for 30 minutes in a water bath, (b) stools 
were ground with sterile alundum and sus- 
pended m enough sterile 10/M buffered so- 
dium phosphate to make a 10 percent sus- 
pension This was centrifuged at 1500 r p m 
for 30 minutes at room temperature to re- 
move coarse particles The supernate was 
removed and centrifuged at 6500 rpm for 
30 minutes at room temperature This fairly 
clear supernate was removed and filtered 
through a Seitz EK filter at a pH of 7 0 
The filtrate was then heated to 56°C for 
30 minutes in a water bath The serum and 
filtrates of stool were heated to eliminate 
the possibility of the presence of pathogenic 
bacteria Both materials were sterile before 
administration 
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Secondary Changes to Ovarian Tumors 


TABLE I 

Dui 'it ion 'i nd Height of Ee\ei and Jaundice and Seventj of Illness m 5 Human Volunteeis Mitli 
E\pcnmentally Induced Infectious Hepatitis 


Duration 

days 


Maximum 


J 

o 

i> 

Inouilini 

* 

J 

© 

CO 

O 

O 

■4-3 

< 

o 

o 

O 

M 

3 

Cl 

J 

5 

>“3 
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pH 

sits 

S-3 
os n £ 

<^1 

3 

j 

cc 

BS 

S 

3 7tli daj 
disease 
(8 patients) 

0 5 

p 

27 

13 

13 

103 8 

76 

++ 

TR 

s 

3 3 

05 

p 

28 

5 

14 

1010 

25 

+ 

SR 

F 

3) 

10 

0 

27 

12 

30 

104 0 

7 0 

+++ 

IID 

F 

3 3 

10 

0 

17 

3 

22 

100 5 

73 

++ 

FW 

F 

3 3 

10 

0 

15 

10 

14 

102 5 

74 

++ 

S 

— Serum 

, F = Feces , 

P = 

Parenteral, 

O = 

Onl 






Cf Fig 1 t Hectal temperatures are recorded 
Feces were administered as Seitz filtrates of 10% suspensions 


Thiee volunteers were fed the stool filtrate 
and 3 were inoculated sub- and mtra- 
cutaneously with serum The results are in- 
dicated in Fig 1 It is apparent that virus 
is present m both the stool and serum of 
patients in the acute-phase of par enter ally in- 
duced- infectious hepatitis Certain clinical 
data on the S volunteers who contracted the 
disease in this experiment are recorded m 
Table I 

Summaiy I A strain of infectious hepati- 
tis virus inoculated pai enterally into 8 human 


volunteers was recovered from pools of serum 
and feces obtained from these same subjects 
during the acute-phase of their illness These 
materials produced infectious hepatitis in 5 
out of 6 healthy, human volunteers on rein- 
oculation 

2 This recovery of virus from the stool 
of patients with infectious hepatitis induced 
by paienteial inoculation constitutes an ap- 
parent difference between this condition and 
homologous serum jaundice in which the 
etiologic agent has not been recovered from 
the stool up to the present time 


15277 P 

Transplantabihty of Induced Granulosa Cell Tumors and of Luteoma 
in Mice Secondary Effects of These Growths * 

J Furth 

From Hie Department of Pathology, Cornell University Medical College, Sew Toil Hospital 

New Tori City 


Granulosa cell tumors can be readily m- 
luced in the ovaries of mice by exposing 
he latter to X-rays l '"’ A singl e dose of 87r 

r , Fu uer Fund, The International Cancer 

Research Foundation and The Jane Coffin Childs 
Memorial Fund Meted « 
1 Furth, J, and Furth, O ii , 


given over the entire body to 44 mice ap- 
proximately 6 weeks of age produced tumors 
in 31 mice The induced ovarian growths 

1930, 28, 54 

2 Furth J, and Buttemorth, J S, Am 7 Can 
cei, 1930, 28, 66 

iGeist, S H, Games, J H, and Polhch, A D 
tm T Oh‘ and Gun, 1039, 38, 786 
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TABLE I 



Miles 


Females 


Total 



r 

Implanted 

+ 

Implanted 

+ 

f 

Implanted 


Ft mice 

Normal 

23 

11 

21 

s 

44 

19 

X-raved 

5 

1 

20 

12 

25 

13 

Gonadectomized 

10 

S 

15 

12 

25 

20 



— 

— 

— 

— 

— 

Total 

3S 

20 

56 

32 

94 

52 

Paiental (AK or Bf mice) 

25 

0 

n 

0 

36 

0 


vi ere of 3 mam histological types (a) tubular 
adenomas (b) granulosa cell tumors and 
(c) luteomas The microscopic character- 
istics oi these tumors have already been de- 
scribed and illustrated 2 

Of 21 attempts at transfer of induced 
ovarian tumors, 13 proved successful In- 
duced tubular adenomas of 3 mice were suc- 
cessfully transplanted but only one has been 
carried m serial passages This is a very' 
slow growing tumor, becoming palpable 
(about 2 mm in size) after approximately 6 
months (Strain VI) Two induced luteomas 
proved readily transplantable (Strains IX 
and XI) Cells of luteomata proliferate by 
mitotic division retaining the morphological 
characteristics of lutem cells m mice of both 
sexes Mice bearing luteoma of Strain IX 
do not show evidence of hyperestrimzation 
the adrenal cortices undergo profound 
atrophy These mice gained much weight, 
mamly by excessive deposition of fat in the 
normal fat depots 

The other transplantable ovarian tumors 
are granulosa cell growths Strain I recently 
described 4 produces a cavernous dilatation of 
the liver sinusoids with only occasional sec- 
ondary' parenchymial damage which led to 
the suggestion that abnormal steroids may 
have been produced by' the tumor and 
metabolized in the liver 4 

Granulosa cell carcinoma, Strain III, now 
to be described, originated in an FI* mouse 
that had been given 175r at an age of 6 
weeks and was subsequently' painted with 
0 5 percent methylcholanthrene dissolved in 

4 Furtli T, 111(1 Booti, M C, Ppoc Soc Exp 
Biol, axd Med , 1945, 58, lie 

i Rf X AK hybrid 


benzene (cf 5 ) Nine months after the ir- 
radiation a tumor felt at the site of the left 
ovary' was removed and fragments of it were 
implanted into the subcutaneous tissue of 
this and 10 other FI mice When the donor 
animal died 7 weeks later the transplant 
measured 2x2x1 cm and the lung contained 
metastatic ovarian carcinoma 

The results of 9 subsequent transplantation 
experiments (4 successive passages) are sum- 
marized m Table I 

These figures indicate that the range of 
transmissibility of these ovarian tumor cells 
resembles closely that of normal cells (cf 5 ) 
At first the tumors grew slowly, becoming 
palpable only' after about 4 months, but later 
their growth vigor increased and they became 
palpable within 6 to 8 weeks after transplanta- 
tion Metastases occurred in the liver and 
lungs 

The histological character of the tumor 
remained unaltered throughout the course of 
these passages The tumors are composed 
of small granulosa-like cells which do not 
form follicles They' are widely' separated by 
some pale staining material, perhaps their 
secretion Necrosis with secondary' calcifica- 
tion is common in the tumors and in such 
areas fibroblast-like cells can be seen which 
contain alkaline phosphatase granules m 
abundance and occasionally there is ossifica- 
tion 

There is continued estrus in most spayed 
or normal female mice bearing large tumors 
of Strain III, while in male mice the testes 
and seminal vesicles undergo profound 
atrophy The thymus is markedly atrophic 

5 Forth, J and Boon M C, Science, 1943~ 98 
13 S 
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in all tumor-bearing mice In a few mice 
osteosclerosis of the femor, similar to that 
produced by estrogenic hormones 7 is noted 
In addition, most, if not all, mice with large 
transmitted tumors had a cavernous dilatation 
of the sinusoids of the liver, spleen and 
adrenals The weight of the liver was ap- 
proximately 3 times normal in many mice, 
accounted for almost exclusively by an in- 
crement of blood Although blood volume 
determinations have thus far not been made, 
the observations made suggest a marked rise 
in blood volume in mice exhibiting the liver 
change described The cavernous dilatation 
of vessels was localized to viscera of the ab- 
domen named The vessels leading to the 
grafted tumor were also tremendouslv dis- 
tended 

The mouse in which Strain III originated 
received both X-rays and methylcholanthrene 
Extensive experience has shown that the lat- 
ter alone does not produce ovarian tumors 

GKabss, N, and Robertson, T, Genetics, 1943, 
28, 78 

~ Gardnei, At U , and Pfeiffer, C A , Proc Soc 
Exp Biol and Med , 1938, 37, 678 


while X-rays alone have done so in almost 
as high a percentage of the mice as the com- 
bined treatment with X-rays and methyl- 
cholanthrene However, a preliminary tabu- 
lation of our data shows that in mice receiving 
the combined treatment the tumors were 
larger, appeared sooner, were more readily 
transmissible and more apt to metastasize 
than those receiving X-rays only In the 
latter, most tumors were of the tubular 
adenoma type, presumably derived from 
downgrowth of the germinal epithelium, while 
in the former, most tumors were of the 
granulosa or lutem cell types 

Summary Eleven ovarian tumors, induced 
by X-rays have been transmitted in suc- 
cessive passages Eight w r ere of the granulosa 
cell types, 2 were luteomas and one was a 
tubular adenoma Histological changes in- 
dicate that cells of Strain III secrete estro- 
gens Mice bearing tumors of this strain 
also have a cavernous dilatation ot the 
sinusoids of liver, spleen and adrenals In 
mice bearing large luteoma of Strain IX 
there is profound atrophy of the adrenal 
cortex 


15278 

A Method for Detection of Streptothricin m the Piesence of Streptomycin 

Dorothy G Smith (Introduced by H Molitor ) 

From the Met cl Institute for Therapeutic Fcsearch, Baliway, A r / 


Streptomycin 1 and streptothricin, 2 3 * tw'O 
antibiotic agents having almost identical bac- 
terial spectra, 3 4 are both produced by members 
of the actinomycetes, namely, Actinomyces 
grtset/s and Actinomyces lavendvlae respective- 
ly Because of this close relationship and 

l Schatz, A , Bugie, E , and Waksman, & A , 
Proc Soc Exp Biol mnd Med , 1944, 35, 6G 

n Waksman, S A, and Woodiuff, H B, Proc 
Soc Exp Biol and Med , 1942, 49, 207 

3 Robinson, H J , Smith, D G, and Graessle, 
0 E , Pnoc Soc Exp Biol and Med , 1944, „7, 

226 

i Robinson, H J, Giaessle, O E, and Smith, D 
G-, Science, 1944, 99, 540 


of the still existing difficulty in the identifica- 
tion of the various members of the actinomy- 
cetes, 5 it is possible that strains of the or- 
ganisms producing these 2 antibiotics might 
be confused Such a confusion would be 
particularly undesirable when it is recognized 
that streptothricin is many times more toxic 
than streptomycin and m addition, has a 
distinct delayed toxicity 07 Streptomycin, 

5 Wilsmni, S A, and Henriei, AT ,7 Bad, 
1943, 40, 337 

G Rake, G , Harare, D , Karanagh, F , Koerber, 
4V L, and Donor icli, E, Am J Med Sc, 1945, 
210, G1 

T Robinson, II J , Graessle, 0 E , Gundcl, M , 
and SUber, R H , >n press 
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on the other hand, because of its relative non- 
toxicity and its active inhibition of gram- 
negative bacteria both in vitro and m vivo 3 s 
has aroused a considerable amount of interest 
in the medical field Realizing the difticul- 
ties which nould be encountered if samples 
of streptomycin were to become contaminated 
ruth the more toxic streptotliricm, it was 
considered essential that there be developed 
a means of detecting small amounts of 
streptothricm in the presence of large quanti- 
ties of streptomycin \ method for differ- 
entiating between streptomycin and strep- 
tothricin has been announced recentlv 0 
However, a more simplified microbiological 
test has been devised which can detect as 
little as 0 1^) of streptothricm present as a 
contaminant in streptonij cm The proce- 
dure is based upon a modification of the 
Stebbins and Robinson 10 cup-assav for 
streptonncin The organism used in the 
test is a strain of an unidentified gram-nega- 
ti\e rod'" which was found to be verv re- 
sistant to streptomycin, but sensitive to 
streptothricm when tested for sensitn ltv by 
means of the agar-streak method By this 
technic its growth was found to be unin- 
hibited bv 16,000 units* of streptomycin per 
ml, but to be inhibited by 7 5 units of 
streptothricm per ml This strain is main- 
tained by daily transfer in broth and a 6-hour 
culture, which has been incubated at 37 °C, 
is used m the assay in the following manner 
pour-plates are made using 10 ml of modi- 
fied F D \ agar 10 which has been seeded 

s Jones, D Metzger H J, Sclntz A, md 
VToksnim S A Science 1044, 100, 103 

3 Deukew -liter R G, Cook, JI A md Tishlcr, 
M , Science, 1943, 102 12 

ln Stebbins, R B and Robinson H T Ppoc 
Poc Eir Bioi. vxr* Med 1945, 59, 155 

* Tins orgmism ms i=olited bi Di Bode nhcimei 
from the Ini lion of -i p itient at the College of 
I*h\ sici.'ms md Snigeons, Cotumbw Ymversitv, 
Xevr York Cits 

t One unit is that quantity of stri ptomvcm 
ivhieh will just inhibit a given strain of E colt 
(W’aksman) m 1 ml of nutrient broth or agar 
When measured in terms of antibacterial aetivitv 
one unit of streptothricm is equivalent to one unit 
of streptomycin 


while still fluid so as to contain tinalh a 
10~* dilution of the 6-hour culture After 
the agar solidifies, pemcvlinders are set upon 
it, and the plates are then read], for use 
according to the regular cup-assay 

For the establishment of a standard cune 
from which to estimate the amounts ot 
streptothricm present m the samples of strep- 
tomjcin a series of solutions are prepared 
as follows (1) A stock solution of strep- 
tonncin is made m distilled water to con- 
tain 2000 units of streptonncin per ml ot 
water (2) A stock solution of streptothri- 
cm is prepared m distilled water to contain 
40 units of streptothricm per ml of water 
(3) Using solution Xo 2 additional solu- 
tions are made to contain 20, 16 8, 4 and 2 
units of streptothricm per ml (4) 0 5 ml 
quantities of the stock-solution of streptonn- 
cin (2000 units per ml) are then combined 
with 0 S ml amounts respectnely of the 6 
solutions of streptothricm (40, 20, 16, S 4 
and 2 units per ml) to gne 6 standard solu- 
tions containing 1000 units of streptonncin 
per ml mixed with streptothricm to the ex- 
tent of 20, 10, S, 4, 2 and 1 units per nil 
(5) 4 seventh standard solution consists ot 
1000 units of streptonncin per ml ot water 
with no added streptothricm (6) The test 
samples are made to correspond to the seventh 
standard solution namely, to contain 1000 
units of streptonncin per ml of distilled 
water llhen prepared the solutions of the 
test samples together with those of the 7 
standards which should alwavs be run at 
least in duplicate with every new test, are 
put in the cups for assay against the strep- 
tomycin resistant strain The plates are 
then incubated at 30°C for 16-18 hours 
after which thej are read for inhibition of 
growth as shown by the millimeters of zona- 
tion produced around the cups Depending 
upon the degree of zonation produced, the 
amount of streptothricm present in the 
streptonncin can be detected Table I shows 
the millimeters of zonation produced bv the 
standard solutions Xo sample of streptomv - 
cm whether it was of low potency or of 
almost pure material gave anv zonation 
when used in a concentration of 1000 units 
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_ TABLE I 

Dnmctas of Cleared Aic.s Pioduced by a Standaid of MiYtu.es of Streptothnem and 
Streptomycin with Watei as the Diluent 


Conccnti atioii of antibiotic agents 


Zomtion 


1000 units sti cptonn cm pei ml outy 

plus 20 units stieptothncm per ml 
10 M ” >’ ” 

8 ” ’> ” >> 

4 >f >y n n 


if n 
7 1 13 

11 11 
3 3 3 3 
3 1 3) 
3 3 3 3 


13 33 

13 11 


0 mm 

15 0 mm 

16 5 ” 
15 5 ” 
13 5 ” 
12 0 " 

So ” 


of streptomycin per ml However, concen- 
trations of over 1000 units per ml produced 
moderate zones, for example 7 8 mm for 
5000 units and 10 5 mm for 10,000 units 
per ml 

This culture has been maintained by daily 
transfer in this laboratory’' for a period of 
S weeks without showung any indications of 


changing m its response to streptomycin and 
streptothnem 

With this test one unit of streptothnem 
can be measured m the presence of 1000 
units of streptomycin Therefore it would 
be possible to detect as little as 01% of 
streptothnem if it were present as a con- 
taminant in lots of streptomycin 
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Biological Conversion of n-Butyl Penicillin into a Chemotherapeutically 

Active Substance 


R H Broh-Kahn* and Paul K Smith 
Fiom the AAF School of Aviation Medicine, Randolph Field, Texas 


Due to its rapid rate of absorption and 
excretion, it is impossible to maintain satis- 
factory blood levels of penicillin for pro- 
longed periods after parenteral injection of 
an aqueous solution of penicillin These 
characteristics necessitate either a frequent 
intermittent or a continuous type of injec- 
tion Attempts have been made to prolong 
the blood levels after parenteral injection of 
salts of penicillin by decreasing either their 
rate of absorption 1 " 1 or their rate of excre- 
tion 5 0 


Since the rapid rate of elimination of 
penicillin following its parenteral injection is 
due in part to its extreme solubility in aqueous 
phases, it would appear advantageous to 
modify the penicillin molecule in such a man- 
ner as to form water insoluble derivatives 
This goal has been accomplished by the pro- 
duction of various esters of penicillin Meyer 
and his co-workers have reported the prepara- 
tion of a number of such esters including the 
methyl, ethyl, n-butyl and benzhydryl 
esters 7 All of these compounds were de- 


* On leas e of absence from the May Institute 
foi Medical Besearch and the Department of 
Bacteriology of the College of Medicine, University 
of Cincinnati, Cincinnati, Ohio 

1 Fisk, E T , Foord, A C , and Alles, G , Science, 
1Q45, 101, 124 

2 Parkins XV M, Wiley, M, Chandy, J, and 
Znitel, H A, Science, 1943, lOl, 203 

3 Bomanshv, M J, and Bittman, G E, Bull 


U S Army Med Dept , 1944, 81, 43 
4 Trumpei, M, md Hutter, A M, Science, 1044, 
100, 432 

OBeyei, K B, Peteis, L, Woodward, B, and 
Tern ay, XV F , J Pharmacol , 1944, 82, 310 
c Eammelkamp, C H, and Bradley, S E, Pnoc 
Soc Exp Biol vxd Med, 1943, 33, 30 

■ Meyer, K, Hobby, G L, and Dawson, M. H, 
pnoc Soc Exp Biol and Med , 1Q43, 53, 100 



Chemotherapeutic Acti\it\ of Penicillin Esters 


217 


TABLE I 

The Protective Action of Subcutaneous Injections of nButjl Penicillin Against Streptococcal 

Infections m the Mouse 


Wt of Ester 
injected, mg 

Dilution of 
culture inj 

2so of 
mice nrj 

Xo of 

mice survived 

Xo of 
mice died 

0 

10-c 

3 

1 

T 


10-3 

3 

0 

3 


10-4 

3 

0 

3 

01 

10-e 

3 

O 

1 


10-3 

3 

O 

1 


10-4 

3 

1 

-> 

0 5 

10-G 

3 

3 

0 


10-3 

3 

3 

0 


10-4 

3 

3 

0 


Xote Doses of 1 0 mg and 5 0 also gave complete protection 


scribed as insoluble in neutral or slightlv the effectiveness of penicillin esters against 
alkaline buffers but were quite soluble in fat infections in man In contrast to these re- 
solvents Thev were almost devoid of any suits, previous work in our own laboraton 
activity tn vitro but apparently could be hy- had indicated that higher mammals were 
drolyzed m alkaline solution to regenerate unable to effect the conversion of alkvl 
an active principle, presumably the non- penicillin esters into chemotherapeutically ac- 
esterified penicillin s live substances Accordingly, vv e report a 

In contrast to their relative inactivity in few' preliminary experiments obtained with 
vitro, the ethyl and n-butyl esters were dem- the n-butyl ester m the dog, monkey and man 
onstrated to be effective chemotherapeutic Methods and Results Four of the butyl 
agents in mice infected with large doses of penicillin samples were dark brown viscid 
virulent hemolytic streptococci 7 Thus, single oils, one was a yellowTsh powder Their 
doses of these esters, given either orally or w vitro activitv was tested by dissolving a 
subcutaneously, protected mice against mtra- weighed amount m absolute alcohol and di- 
pentoneal injections of streptococci The luting further with broth Their activitv was 
protective action of methyl penicillin in mice then assayed against the C203 MV strain 
infected with spirochetes has also been dem- of hemolytic streptococcus and all samples 
onstrated 0 It appeared, therefore, that these showed an activity of 5 to 10 units per mg 
esters were hydrolyzed m vivo with the slow as opposed to 600 to 1100 units per mg 
liberation of active penicillin Such results of the original free penicillin from which thev 
suggested the possibility of the successful use had been prepared 

of penicillin esters as chemotherapeutic agents In work with dogs and monkeys, weighed 
m man amounts of the ester were dissolved m ab- 

More recently, followung the preparation solute alcohol and diluted with 4 parts oi 
of the benzyl ester of penicillin, 10 reference propylene glycol The alcohol-glycol solu- 
was made to unpublished results 11 of the tions were then injected without further 
successful use of this ester m clinical mfec- sterilization Preliminary to injection into 
tions and high promise was held forth for man, the ester was dissolved m the alcohol- 
1945,101 402 gly “ l , m,xt f u , re 35 described above and ster- 

° Rich lrdsoii, A p , Walker, H A , Loob P , ami lh zed by filtration through a small sterile 

Miller, I , j phnrm , 1943 , 85, 23 sintered glass filter The filter was washed 

io Cavaihto, C j, Kircimer, F K, Miller, L c, "' lt ^ small amounts of absolute alcohol until 

Bailer, J H, Khmek, j w, Warner, W F, the washings showed no traces ot color The 
Sutler, C M, and Tamter, M T, Science, 1945 solution was concentrated in the cold under 
102 > 150 high vacuum until alcohol was no longer 

H Gamble, T O, Miller, L C , and Tamter, detectable The residue wa= then assumed 

M L, Am J Ob<t Gyncc m press to contain the total amount of rongmallv 
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TABLE II 

Beeo\ei\ of Tree Penicillin Horn the Urine and Blood aftei Subcutaneous Injection of 

n But! 1 Penicillin 


Dm ition of uune Total fiee Serum penicillin lei ch> 


Amin 'll 

m of Ester m j 
mg 

celhction after penicillin ieco\cred 
mj of Ester, hi m uune units 

1 

2 

hr after 1113 

3 4 8 12 

24 
- i 

Dog 

100 

4S 

22 

0 

* 

0 


0 

¥ 

0 

Dog 

200 

4S 

41 

* 

0 

•P 

0 

■p 

0 


Monkei 

100 

30 

4 

* 

*• 

* 

* 

* 

¥ 

* 

Monkei 

200 

4 S 

17 

* 

* 

* 

*■ 



* 

Man 

200 

48 

U 

0 

0 

0 

0 

0 

0 

o 

Mm 

200 

4 S 

40 

0 

0 

0 

0 

0 

0 

0 


' Indicates no deteiinimtion made 


weighed out and was used, in appropriate 
quantities, for parenteral injection into man 

Penicillin assays on blood samples and urine 
specimens were performed by a serial dilu- 
tion technic Since it was believed the urine 
assays offer a more reliable index - of the total 
absorption of penicillin, 12 such assays were 
used to indicate the degree of conversion of 
the ester in the body 

We were able to confirm the results of 
Meyer, Hobby and Dawson 1 in regard to 
the chemotherapeutic activity of n-buty r l 
penicillin m mice For this purpose, mice 
weighing approximately 20 g were given mtra- 
peritoneal injections of 0 S ml of a 10^, 
1CP 3 and 10-° dilution of a 15 hour culture 
of the virulent C203 MV strain of the Group 
A Streptococcus One-half hour later, the 
treated animals each leceived a single sub- 
cutaneous injection of the propylene glycol 
solution of the ester The results given in 
Table I indicate that a single injection of 
0 5 mg of ester protected all of the mice 
against 0 S ml of a 10“* dilution of the cul- 
ture Only moderate protection was afforded 
by 0 1 mg of ester 

No studies on the chemotherapeutic activity 
of the butyl penicillin were performed on the 
dog or the monkey, but these animals were 
used to investigate the pharmacology of this 
compound and to determine their reaction 
to large doses subcutaneously 

Two dogs weighing approximately S and 
7 kg were" given subcutaneous injections of 
100 mg and 200 mg, respectively of the 
ester The injections apparently produced 
BrotiKilm, B ! H, ASF 
S.ftnolo/ 1 uaUon Moults Hep . Wo , 


a transient moderate local irritation Ob- 
servations of both dogs failed to reveal any 
evidences of a systemic reaction to the in- 
jections Blood and urme assays for free 
penicillin w r ere performed and the results in 
Table II indicate failure to produce demon- 
strable blood levels or more than minute 
quantities of excreted penicillin 
Similarly, 2 monkey's (M mulatto) weighing 
approximately' 4 kg received 100 and 200 mg 
each of the butyl penicillin subcutaneously 
As was the case m the dogs, the monkeys 
failed to evidence any reactions to the in- 
jections other than a transient mild local 
irritation Blood assays were not performed 
However, as in the dogs, composite urine 
samples did not reveal appreciable excretion 
of free penicillin (Table II) 

Inasmuch as the dogs and monkeys ap- 
peared to tolerate the injections of penicillin 
ester, it was considered safe to determine 
their effect in man In order to investigate 
chemotherapeutic activity of the ester, male 
patients with acute gonorrhea] urethritis were 
chosen since this disease is so sensitive to 
the activity of penicillin Tw'o such patients 
were each given subcutaneous injections of 
100 mg of the ester followed 6 hours later 
by another similar injection None of the 
injections produced immediately more than 
an extremely mild irritation The following 
day, however, the site of the injections was 
Mvollen, hot and very tender In addition, 
there w r as a moderate febrile reaction ac 
companied by some malaise Both the sys 
temic and local reactions had disappeared 
48 hours later Due to the impurity of the 
preparation it was difficult to assess the 
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role oi the solvent or of the impurities m 
this moderately toxic reaction Urine and 
blood assays were performed and the effect 
on the disease determined The results of 
the assays (Table II) again repealed little 
or no free penicillin Clinically, the urethral 
discharges show ed no improvement and smears 
and cultures continued to reveal the presence 
of liable gonococci These observations were 
continued for 3 days after the injections 
If the greater part of the ester had been 
hi droh zed, the quantity of free penicillin so 
liberated might have been expected to pro- 
duce a demonstrable improvement in the 
clinical condition At the end of this period, 
both patients were treated with 500,000 units 
of oral penicillin 13 and their disease responded 
satisfactorily, thus affording evidence that 
the infecting strains were not or had not 
become refractory to penicillin In order to 
determine whether the method of preparation 
of the solution of ester for injection into man 
had resulted in its inactivation, the same 
solution was later demonstrated to protect 
mice against the intraperitoneal injections of 
0 5 nil ot a 10" 1 dilution of a 15 hour culture 
of a virulent hemolytic streptococcus 

Discussion There would appear to be 
little doubt that subcutaneous injections of 
butil penicillin protect mice against infec- 
tions by hemolytic streptococci This pro- 
tection obviously cannot be attributed to an}' 
impuritv of unchanged penicillin since I mg 
of the ester contains a maximum of 10 units 
of activity Inasmuch as 0 5 mg is sufficient 
to protect mice, the protective dose contains 
a maximum of 5 units of free penicillin Ap- 
proximately 200 units of free penicillin are 
required for protection of the mouse against 
lethal doses of hemoly tic streptococci u ir ’ 

The possibility exists either that the esters 
ptr st exert a chemotherapeutic action or 
that they, after injection are converted in 
the body into active substances It appears 
doubtful that the esters themselv es are the 

i> Broil Kahn, R H, AAF School of AuaUon 
Jtcduuu 10 \ I, i p, 1945, 404 1 

H Hobb\ I, L , Ale; cr, K and Chaffee E , 
Proc Sot L\i Biol and AIed , 1942 50 2So 

1= Robinson a T , J Phai m 1943 77 70 


actual chemotherapeutic substances since they 
failed to display any activity against human 
gonococcal infections and since they are al- 
most devoid of activity in vitro Accordingly, 
it appears most plausible to assume that, sub- 
sequent to absorption, the esters are concerted 
into the active agent The most probable 
conversion would undoubtedly’ be a regenera- 
tion of free penicillin In vitro studies 10 
ha\e already demonstrated that this reaction 
occurs The most reasonable explanation for 
the mechanism of the activity’ of the ester 
in mice would be its constant and somewhat 
slow cone ersion, in the body’, to free penicillin 
If this conversion occurred at an appropriate 
rate, adequate levels of free penicillin might 
be maintained in the blood for prolonged 
periods following a single injection of ester 
Once the hj'droly sis had occurred the resulting 
penicillin would be expected to be excreted 
in the urine at its normal rate 

On the other hand, following subcutaneous 
injections of the ester in the dog, the monkey’ 
and m man, the obsenations of this study 
indicate the inability to recoier appreciable 
quantities of penicillin in either the blood or 
the urine It would seem, therefore, that 
the tissues of these mammals are unable to 
effect the conversion of the ester into free 
penicillin at an appreciable rate 

In general, the velocity of hydrolysis of 
aliphatic esters by tissues varies inversely 
with the molecular weight of the esterifymg 
alcohol IT It was therefore believed that ef- 
forts should be directed towards investiga- 
tion of simpler esters However, Richaidson 
ct a! ls report results with both the methyl 
and benzyl esters of penicillin comparable 
to our own findings with the n-butyl ester In 
view of the fact that the benzyl radical be- 
haves as an aliphatic derivative, it would 
have been somewhat surprising to learn that 
tissues unable to hy'drolyze methyl and butyd 
penicillin could effect the hydrolysis of the 

li< Broil Kilm R II, mid Smith, P K , xm 
published observ otions 

17 Hiss G AI , Arch Path , 193S 20, 11S3 
Richardson A P Walker, H A, Aliller, I 
1,1,1 H 'O '- 1 - 11 R Proc Soc Exr Biol vxo ATed ’ 
1047 00 , 272 ’ 
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higher benzyl homologue 
Summary and Conclusions 1 A sub- 
cutaneous injection of butyl penicillin con- 
ferred marked protection against hemolytic 
streptococcal infections in the mouse 2 Sub- 
cutaneous injections of 200 mg exerted no 
appreciable effect on gonococcal infections m 
2 men 3 Following subcutaneous injections 
of butyl penicillin into the dog, the monkey, 
and man, appreciable quantities of penicillin 
were not recovered in the blood or urine 
4 The subcutaneous injection of from 100 
to 200 mg of butyl penicillin produced no 


evidences of marked toxicity in the dog or 
the monkey Two men reacted with evi- 
dences of moderate toxicity 5 The tissues 
of the mouse can convert the chemothcr- 
apeutically inactive butyl penicillin into a 
chemotherapeutically active substance, pre- 
sumably penicillin The tissues of man, the 
monkey, and the dog cannot effect this con- 
version at an appreciable rate 

Di ICirl Meier knidlj furnished us mth the 
butvl penicillin used m this stud) md supplied 
the dita concerning the in vitro netmt) against 
the stieptococcus 
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Influence of Iron Salts on the Toxicity of Lead 

Leon A Heppel and Arthur Kornberg (Introduced b> W F von Oettingen ) 
From the Industrial Hygiene Research Laboratory, National Institute of Health, Bethesda, Hd 


The relationship between the toxicity of 
lead and the dietary level of other elements 
has- been studied for many years The ex- 
tensive literature has been reviewed by 
Cantarow and Trumper 1 Calcium and phos- 
phate have been especially implicated m 
modifying the effects of oral administration 
of lead salts The influence of iron com- 
pounds on the development of lead poisoning 
has received little study Our attention was 
directed to this problem during the course 
of work on blood formation in various toxic 
states In the present study it was found 
that iron salts prevented the weight depres- 
sion and anemia in rats fed diets containing 
lead acetate 

Experimental Albino rats of Wistar and 
Osborne and Mendel strains were fed the 
experimental diets at weaning Feeding was 
ad libitum except m Exp 2 The animals 
were weighed at intervals of 4 to 7 days 
Tad blood was used for micro-determinations 
of the hematocrit (Van Allen) and for hemo- 
globin determinations by the oxyhemoglobin 

l Cantarow, A , and Trumper, M , Lead Poison 

mg, The Williams and Wilkins Co , Baltimore, 1944 


method of Sanford et al 2 Blood smears were 
fixed m absolute methanol and stained for 
lf /2 hours with dilute giemsa solution buf- 
fered to pH 7 2 The total number of 
basophilic red cells per 1000 red cells were 
counted with the aid of a Whipple disc 

Effects of ferric citrate and ferrous sulfate 
In a preliminary study with semipunfied 
diets it was found that supplements of ferric 
citrate and copper sulfate protected against 
the depression m weight gain and anemia of 
lead poisoning Subsequent tests showed that 
ferric citrate alone was equally effective 

Table I shows the results of 2 experiments 
m which male weanling rats were used * 

2 Sanford A H, Sheard, C, and Osferberg, 
A L, Am J Chn Path , 1933, 3, 405 

’ The percentage composition of the basal diet 
for these and all remaining cvpenments was as 
follows purified casein (Simco) 30 0, hydro 
genated cottonseed oil (Crisco) 10 0, USP cod 
liver oil 5 0, chohne chloride 0 2, salt mixture 1 9, 
cane sugar 52 9 In lddition, the ritamin supple 
rnent (m mg per kilo) ms thiamine hjdrochlondt 
10, nicotinic acid 40, j>) ridoxme hydrochloride 10, 
calcium pantothenate 40, and riboflavin 20 Each 
rat received a weekh ora! supplement of 3 mg of 
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TABLE I 

Effect of Ferric Citnte on the Toxicitv of Lead 


Added to 100 g diet 



Lead* 

e 

Feme eitiate 

S 

Xo of 
rats 

Mean wtt 
g 

Mean hemoglobin} 
g/100 cc 

Exp 1 





12 

139 (117 19b) 

15 1 


0 03* 

— 

S 

106 (S5 144) 

99 


0 03* 

1 13 

S 

148 (111 170) 

16 0 

Exp 2 

— 

— 

10 

149 (123 187) 

16 6 


0 03* 

— 

10 

126 (So 156) 

12 1 


0 03* 

1 13 

10 

141 (115 ISO) 

14 8 


0 03* 

147 

10 

142 (112 172) 

15 5 


* After 31 davs on test, the lead content of the diets Mas increased to 0 099c 
t After 27 days m Experiment 1 and 56 davs in Experiment 2 

J Determinations done after 66 days m Experiment 1 and after 75 dais m Experiment 2 


TABLE II 

Effect of Feme Citrate and Ferrous Sulfate on the Toxieiti of Lead 


Added to 100 g basal diet 

Mean wt 
after 51 davs 
g 

Mean hemoglobin 
after 4S davs 
g/100 cc 

(1) 


213 4 

15 S 

<-’) 

0 09 g Pb (as Lead Acetate) 

81 5 

101 

(3) 

0 09 g Pb 

+ 1 13 g Fe Citnte 

16S 0 

15 3 

(4) 

0 09 g Pb 

+ 0 25 g Fe Citrate 
(0 84 mmols) 

130 4 

12 9 

(3) 

0 09 g Pb 
+ 0 2 g FeS0 4 
(1 32 mmols) 

133 3 

15 5 


In Exp 1, the differences between the 
mean weights for the rats on basal diet with 
lead and the other two groups were examined 
by Fischer s /-technic 4 and found to be signi- 
ficant with a P value below 0 01 With the 
pair-feeding technic (Exp 2) differences 

x tocopherol m 0 03 cc etlivl launte The salt mix 
ture (in g) was composed of XaCl, 13S, CaC0 2 
200 MgCO- 50 KHlPO, 424 Mg^O* 7H 2 0 
03 6 , KCl 224 MnS0 4 H a O 0 784, XaF 2 0, 
KI, Olb Al 2 (SO,,) K 2 S0 4 24H 2 0 0 622 

CuS0 4 3HjO, 1195, Feme Citnte 10 55 This 
silt mixture was designed to make a low calcium 
high phosphorus ratio m the completed diet Ac 
cording to the work of Grant et al a such a diet 
favors the deposition of lead m hone liver and 
kidnex Samples of the ferric citnte used were 
ainhnd and found to contain 18 1 97 of iron 

Gr int R L, CaU era, II O , Laug E P ind 
Morns HIT P/iarm and Fj-;> Therap 193S 
04, 44b 

i Fisc her R V Statistical Methods for Research 
n ort<Ts Olner uulBoxd London, 1036 


m weight gams were small enough to be 
disregarded This bas been observed before 
among lead poisoned rats 5 But a statis- 
tically significant anemia, preventable by 
generous additions of ferric citrate, was ob- 
tained 

In Exp 3 (Table II), 50 male weanling 
rats were divided into 5 groups equal with 
respect to average weight and litter distribu- 
tion It was found that an addition of 

0 25 g of ferric citrate was less effective than 

1 13 g in opposing the toxicity of lead Fer- 
rous sulfate also had some protective action 
The difierences in average weight gains and 
hemoglobin concentrations between the group 
given basal diet containing lead and all of 
the other groups were analyzed statistically 
and found to be significant 

Ineffectiveness oj sodium citrate Experi- 
ments were carried out to determine whether 

' Bacrnsteiii, H D , and Grand J A , J Pharm 
anil f rp Thcrap 1042, 74 IS 
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the citrate radicle m ferric citrate had any 
protects, e effects It was first ascertained 
that sodium citrate could be fed to weanling 
rats at a le\el of 1 15 g added to 100 g of 
diet without depressing the rate of growth 
This was equivalent to 1 13 g of ferric citrate 

In a preliminary experiment it was found 
that sodium citrate did not protect against 
the growth depressant effect of lead Young 
rats were fed the basal diet, the leaded basal 
diet or the leaded basal diet with 1 15 g of 
sodium citrate added to every 100 g of diet 
In one test 5 rats were placed in each group 
and in a second test there were 6 rats in 
each group In both tests it was found that 
after 30 dais the mean weight of the sodium 
citrate treated rats was approximately 10 g 
less than that of the rats recemng onl\ lead 

In the next experiment 40 male weanling 
rats ot the Wistar strain were divided into 
4 groups equal with respect to litter distribu- 
tion The diets and experimental results are 
show n in Table III 

Disi msioii In these experiments iron salts 
interfered in some way with the toxicity of 
lead This was deduced from the fact that 
the depression of growth rate, anemia and 
red cell poh chromasia, were reduced or ab- 
sent in rats gi\en supplements of ferric citrate 
or ferrous sulfate 

The anemia of the leaded rats, although 
pre\ ented by supplements of ferric citrate, 
was not related to an inadequate iron content 
of the basal diet The rats on the unleaded 
basal diet did not become anemic e\en when 
pair fed against those receding lead 

It ma\ be of interest to compare the con- 
tent of ternc citrate in our protective diets 
with that obtained b\ one of the better known 
salt mixtures as ordinarih used The Mc- 


Collum-Davis salt mixture 185,° A\hen fed 
at a 5% level contributes 0 16% of ferric 
citrate to the diet In the present study a 
supplement of approximateh 0 25% of ferric 
citrate, did not bring about normal hemoglobin 
concentrations in leaded animals, although it 
had some beneficial effect A level of 1 13% 
prevented the anemia entirely 

It is of interest that Miyasaki 7 found that 
a colloidal solution of 2% dialyzed ferric 
oxide reduced the absorption of lead m mice 
although a suspension of ferric hydroxide was 
ineffective The mechanism of action of iron 
salts in counteracting the toxicity of orally 
administered lead in these studies has not 
been established However, experiments in 
progress indicate a much lower lead content 
of tissues of rats whose diet contained sup- 
plements of iron citrate A possible explana- 
tion for these findings would be an inter- 
ference b\ iron citrate with the absorption 
of lead Further studies including the use 
of radioactive lead (radium D) for tracing 
the absorption of lead in the presence of iron 
compounds are planned The possibility of 
an interference with the absorption of iron 
b\ lead also merits investigation 

Summary Ferric citrate as 1 12% of the 
diet protected \oung rats against the weight 
loss, anemia and red cell polychromasia of 
lead poisoning One-fourth of this amount 
was less effective About 0 2% of ferrous 
sulfate had a protective action Sodium 
citrate was ineffective 

r McCollum E Y '111(1 Dans, M , J Biol Chcm , 
101S, 33, oo 

~ Mivasaki, S Aich Exp Path tt PharmaJ ol , 
1030, 150 (1/2), 39 

Miss A'lrgima T Porterfield Mrs Eielni G 
Peake and Miss D Louise Odor assisted with the 
c \pei mu lits uid lulped to peiform the stitistical 
an ih sis 
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Influence of Cei tain Substances on Activity of Streptomycin I Modifica- 
tions in Test Medium 

Richard Donovick akd Geoffrfa Rake 

Fiom the Dntsion of Miciobiology, llie Squibb Institute fo> JIuhcal Scscauh, 
yew Brunsiuel X T 


It was previously shown 1 that the amount 
of streptothncin required to inhibit the growth 
of the test organism, Klebsiella pneumoniae, 
ml % tryptone broth varied with the lot of 
tryptone employed in preparing the broth 
To this extent we had found that streptomycin 
behaves in a like fashion Wallace et al- 
have reported that suspensions of Ebertbella 
typhosa showed marked drops in viable cell 
counts when exposed to streptomycin m the 
presence of “nutrient broth” and “nutrient 
broth diluted with an equal amount of water,” 
whereas in brain heart infusion broth the 
same concentration of streptomycin had no 
apparent effect Staphylococcus aureus sus- 
pensions under similar conditions showed 
marked drops in viable cell counts m all 3 
media during the first 6 hours of exposure 
to streptomycin, but grew out heavily m 
brain heart infusion broth during the inter- 
val between the 6th and 9th hours of ex- 
posure 

The present paper deals with the growth- 
mhibiting activity of streptomycin in (a) a 
culture medium containing only tryptone and 
water or tryptone dextrose and water, and 
(b) an enriched medium containing sodium 
thioglycollate 

A The Activity of Sti eptomyan m Culture 
Media Containing Varying Amounts of 
Tryptone and Dextiose In the paper alreadv 
mentioned 1 it was shown that when strep- 
tothncin was added to 2 ml of 6-hour broth 
cultures of K pneumoniae diluted 10 4 in 
broth consisting of lfo tryptone (or tryptose) 
and water, from 0 08 to >0 16 units of 
streptothricm per ml of broth were required 

"lDonoTilkTi. Kannagh, F, amt 

Bate, G , J Sad , 1945, 50, 623 

2 Wall i ee, O I, Blqmer I, Gibson, 0, 1114 
Slnttuck, M, Proc Soc Exr Biol >M) Med, 
1941, 60, 127 


to cause complete inhibition of growth, as 
observed after 17 hours incubation at 37°C 
The minimum inhibiting concentration of 
streptothricm varied with the lot of tryptone 
or tryptose used As indicated above, the 
action of streptomycin on K pneumoniae 
was similarly affected by the various lots of 
try ptone In the present paper it will be 
shown that even when a single lot of tryptone 
is used for preparing test media, the minimum 
inhibiting concentration of streptomycin will 
iarj considerably with the concentration of 
tryptone used Further, if dextrose is also 
added to the medium, the minimum inhibiting 
concentration will again be increased 

Procedure Media were prepared contain- 
ing from 0 5 to 1 0% tryptone (from a given 
lot) to which were added from 0 to 3% ^ ev 
trose A 6-hour culture of K pneumoniae 
was diluted 1 O’ in each of these media The 
diluted cultures were dispensed into tubes m 
2 ml volumes to which were then added in- 
creasing amounts of a standard streptomycin 
solution containing 2 0 units/ml according to 
the assav procedure referred to above 1 The 
minimum inhibiting concentration (MIC) of 
streptomycin m each medium determined m 
this fashion is shown in Table I and Fig 1 
Thus it is seen that as the concentration 
of tryptone rises m the test medium, the 
minimum inhibiting concentration of strepto- 
mycin increases To a lesser extent addition 
of dextrose to the medium also raises the 
MIC, and interestingly has a more marked 
effect when added to 1 0 % tryptone than to 
0 50% try’ptone The addition of increasing 
amounts of dextrose to tryptone broth causes 
decreasing end pH values m the broth on 
autoclaving Waksman and Schatz 1 * have 
shown that lowering pH of agar low ers the 

Iirilimm S A, md Sciiatz, V, ! ,m 
Thai mm cut -l"OC , W), 14, 273 
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FIGURE I 

Effect of Dextrose and Try ptone in Media on Mimmun Inhibitin g 
C oncentration of Stre ptomycin for K_ pneumoniae 


activity of streptomycin m the cup-plate test 
We have observed similar effects m broth 
Thus the interference caused by dextrose may 
be due m part to the effect on pH However 
this does not explain the finding that dex- 
trose causes greater interference in broth 
containing 1 0% and 0 75% tryptone than m 
broth containing 0 5 % tryptone since the pH 
drop with increasing dextrose was identical in 
all 3 concentrations of tryptone 

B The Activity of Streptomycin m an 
Enriched Medium Containing Sodium Thto- 
glvcollatc Denhew alter, Cook and Tishler 3 
have reported that streptomycin and strep- 
tothricm are ‘ not inactivated to am sigmfi- 

* At the time tint tins paper was m proof 
Bondi Dutz nul Sp raiding* published similir 
findiuc- on the effects of sodium tlnoghcolate 
and other reducing substances on the action of 
streptommn 

" Duihi waiter R , Coot M A and Tislilu M 
sen in. 1'Uo 102,12 

-i Bondi V Tr Dietz C A and Spaulding 
12 II Vie nee 1040 103,300 


cant extent by thioglycollic acid ” Their 
data however, shows that where a phosphate 
buffer control of streptomycin assayed at 49 
umts/ml control solutions containing in ad- 
dition 0 50, 2 50 and 3 0 mg respectively of 
thioglycollic acid per ml, assayed at 31, 39 
and 26 units/ml respectnely Similar results 
were obtained with streptothncin 

In the present studies we have compared 
the activity' of streptomycin in broth con- 
sisting of 0 75% tryptone wuth that in 
thiogly collate broth containing the following 


ingredients f 


Cvstuu 

0 7o g 

XaCl 

2 5 ’ 

Dextio^e 

50 ” 

Ag°r 

0 75 ” 

lVi^t Extract 

50 ’ 

Pancreatic digest of casein 

15 0 ” 

Sodium tluogh collate 

0 3 ’ 

Rcsazurin (0 1^) 

iter to in ike 1000 ml 

1 ml 


tDeunbed m a circular from the National 
Institute of III llth (Tuiuira 15 1043) lcvising 
the culture medium required foi stenlitr letting 
of l>lologRv 
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TABLE I 

Effect of Ti^ptone and Dextiose on Minimum Inhibiting Conccnti ition of Sheptonpon 
% Trjptone % Dextiose 


0 10 20 30 

MIC* umts/ml 


0 30 

0 036 

0 037 

0 030 

0 054 

0 75 

0 050 

0 058 

0 070 

0 088 

10 

0 084 

0 093 

>0 10 

>010 


v Minimum inhibiting conccnti ation of streptomj un 


TABLE II 

Comparison of Minimum Inhibiting Conccnti ations of Stieptomjcni in Trjptone ami 

Tlnoglj collate Broths ____________ 


MIC in thioglj collate bioth 
Bioth No 11 Bioth No 2} 


MIC m 

trjptone bioth 
u/ml* 

Age of broth§ 
dajs 

MIC 

U/llll 

f 

Age ot bioth§ 
dais 

MIC 

li/ml 

0 053 

3 

148 

1 

>2 9S 

0 053 

0 

1 37 

2 

2 41 

0 051 

7 

125 

3 

2 81 

0 037 

15 

104 

7 

1 52 

0 059 

10 

0 99 

S 

133 

0 051 

23 

10b 



0 045 

24 

0 69 



0 055 

42 

0 63 



0 056 

43 

0 53 




* Units per ml 

t Prepared in this hboriton _ , , _ 

{Prepared from delijduted bioth obtained ftom Baltimoie Biological Liboiaton Bain 

in01 « Age of broth indicates the mtcnal between the time of piepintion of the bioth and the 
time when the broth was used Dm mg this mtcnal the flasks of broth icunined it room tun 
perature 


The media were sterilized by autoclaving 
at 15 pounds pressure for 20 minutes After 
sterilization the pH of both types of media 
was 7 0-72 

A single lot of tryptone was used through- 
out for preparing the tryptone broth Two 
thioglycollate broths, containing the given 
ingredients, were employed One was pre- 
pared m this laboratory while a second was 
obtained in a dehydrated form from an out- 
side source The minimum inhibiting con- 
centrations of streptomycin per ml of test 
broth are shown m Table II For the tests 
a 6-hour culture of K pneumoniae diluted 
10 -g m the given broth was used 

As is shown in Table II, approximately 27 
times more streptomycin was required to 
inhibit the growth of K pneumoniae m thio- 
glycollate broth No 1. 3 days after the broth 
was prepared, than m 0 75% tryptone broth 
Forty days later the ratio of MIC values m 


these 2 broths had dropped to 10 1 In 
thioglycollate broth No 2, w'hen used one 
da\ after preparation, the minimum inhibiting 
concentration w r as 54 times greater than that 
m tryptone broth This ratio decreased to 
about 24 5 1 after the thioglycollate broth 
had stood for 8 days at room temperature 
It was further found that in a broth con- 
taining the same ingredients as thioglycollate 
broth No 1 in Table II, except that sodium 
glycollate was substituted for sodium thio- 
glycollate, the minimum inhibiting concentra- 
tion of streptomvein was about 10 times 
greatei than that m 0 75% trvptone broth 
This compares to thioglycollate broth No 1 
after it had stood at room temperature for 
43 days 

Thus it is seen that the incorporation ot 
sod mm thioglycollate m a culture medium 
greatlv interferes with the activiU of 'trepto- 
nncin Since sodium thioglycollate i= readily 
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oxidized, this interference with streptonn cm 
activity gradualh decreases as the broth 
stands What may be called the baseline of 
interference of the broth, which is reached 
after some 40 da\s of standing in one thio- 
gh collate medium Be have used, is similar 
to the interference caused b\ the same medium 
containing sodium glvcollate instead of so- 
dium thioglycollate 

It is interesting that the action of strep- 
tothncin is affected to a similar or perhaps 
even greater extent m thioglycollate broth 
The minimum inhibiting concentration of a 
streptothncm preparation (320 units mg) 
which was tested in thioglycollate broth Xo 1 
(7 days after preparation) was 2 65 umts/ml 
as compared to 0 053 units/ml in 0 75% 
trvptone broth — a ratio of 50 1 

It perhaps should be pointed out that the 
concentration of sodium thiogh collate m the 
media tested was 0 5 mg per ml while the 
concentrations said by Denkewalter, ct al s 
to cause no appreciable destruction of strep- 
tomycin ranged from 0 50 to 3 0 mg per ml 
Hence remarkable interference with strepto- 
m\ cm activity may occur w ithout destruction 
of the streptormcin Since thiogh collates 
reduce the oxidation reduction potential of 
a culture medium, could this interference 


indicate that streptomycin interferes more 
with aerobic than anaerobic metabolism 3 

Summary Under standard test conditions, 
raising the concentration of trvptone from 
0 50% to 1 0%, in a medium containing only 
trvptone and water, raised the minimum in- 
hibiting concentration of streptomycin from 
0 036 units ml to 0 084 umts/ml The fur- 
their addition of glucose to the medium in- 
creased the minimum inhibiting concentration 
to a lesser, but nevertheless, definite degree 

The minimum inhibiting concentration of 
streptonn cm m an enriched broth containing 
sodium glv collate was about 10 times greater 
than that m 0 75% trvptone The substitu- 
tion of sodium thioglycollate for sodium glv- 
collate further greatly increased the MIC 
This additional interference by sodium thio- 
glycollate was observed to decrease as the 
broth aged (and hence as the thiogh collate 
was oxidized) Since thiogh collate per se 
is said to cause no significant destruction of 
streptonn cm, it is proposed that its inter- 
fering action may be due to its role in re- 
ducing the oxidation-reduction potential of 
the medium and that perhaps streptonn cm 
interferes more w ith the aerobic than anaerobic 
metabolism of the test organism 
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Metabolism of Glycine bj the Completely Isolated Mammalian Hear t 
Investigated with Carboxyl-Labeled Glycine 1 ' 

Victor Lorber and Norm ax S Olsen f (Introduced bv Maurice B Visscher ) 
From the Divisions of PlnisioXoan and Plu/sioXoijiraX Cht ini-fi v Department of PhnnoXoau 
Unn ci - i'ii of Minnesota Mtiini apnXi- 


V hen acetate containing heaw carbon, 
C n in the carbowl position is administered 
to the completely isolated, working mammal- 

* Assist mic m tlic i>iLjMntion of part of tliese 
in iten its ms furnished hi the P‘ r-oinu 1 of the 
Work Pronets Administration, Official Project 
Xo 1 GS i 71 440 , Sub pioject Xo 3^2 

t Present addiess Illinois Xeuropsi clintuc In 
statute, Pimcr-iti of Illinois College of Medicine, 
Clot igo 111 


ian heart the isotope appears in the respiratorv 
CO. rapidh and m large amounts indicating 
that the 2-carbon chain is readilj broken and 
converted to C0 2 , m amounts approximating 
20-30% of the total CO’ output of the heart * 
In the present experiments glv cme labeled 
with an excess ot C 13 in the carboxvl carbon, 
was miected into the blood perfusme the 

1 Lorber V Lifson X , Wood H G and £ar- 
vrott, J 1 in r Phnsiol 1040 145, W.7 
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Gia cine ^Metabolism by the Heart 


TABLE I 


Isotopic Content of Bespn itoix COj Following Adimnisti ition of Libeled Ghcmc to tiie 

Isolated Cat Heart 


Exp Xo 

Mg of gh cmc gi\ ur 

COo collection mM of carbon collected % C 1 3 111 the 
penod 111 mm as lespiraton C0 2 lespnaton COot 

1 

50 

15 

0 38 

107} 



15 

0 53 

109 



15 

0 65 

110 



17 

0 40 

107 



15 

041 

— 



30 

1 17 

110 

O 

100 

30 

1 70 

111} 



30 

168 

1 07 



30 

152 

1 12 



27 

0 70 

1 13 

3 

123 

30 

1 46 

108} 



30 

1 42 

1 09 



30 

1 31 

112 



34 

1 13 

111 


* The ghunc was given at the beginning of the second collection period jn each experiment 


Moles Cis 

t % Cis = X 100 

Moles Cis -f. Moles CU" 

$ Contiol xalne piior to m jnet ion of glxcnie Xormal CU" content of C fiom nnnenl sources 
is 1 00% 


isolated cat heart in order to determine 
whether this compound, the amino derivative 
of acetic acid, is similarly metabolized by 
cardiac muscle 

Methods The experiments were performed 
on cat hearts, of 6 to 7 g weight, isolated 
in a manner previously described 2 Respira- 
tory carbon dioxide was collected by passing 
the ventilating gas through absorption bot- 
tles containing carbonate-free sodium hydrox- 
ide Total circulating blood volume was SO 
to 60 cc 

Total respiratory carbon dioxide was de- 
termined bj analysis of the absorption alkali 
b} the Van Slyhe manometric method The 
C 1 " content of the carbon dioxide for each 
collection period was measured in the mass 
spectrometer 3 

\fter isolation of the heart was completed, 
a preliminan control period of IS to 30 
minutes was permitted to elapse, during which 
time the respiratory carbon dioxide was col 
lected Following this period, SO to 125 mg 
of labelled ghcine, dissolved m 0 6 ml of 
Ringer solution, was injected into the blood, 


2 Lorber V , A m 
cXicr A O Sci 


Heal t J, 1942, 23, 37 
Scient Instillment*, 1940, 2, 
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and the carbon dioxide collection was con 
tinued, fresh absorption bottles being intro 
duced at IS to 30 minute intervals The 
glycine used W’as synthesized 4 with 7 59% C 
m the carboxyl position 

Results The results are presented in Table 
I A small increase in the % C 13 m the 
respiratory CO 2 above the initial control va 
ues is noted in each experiment The n 
regularities occurring in Exps 1 and 2 > ie ’ 
the low value found m the fourth colec- 
tion period in 1, and the high value found 
m the control period in 2, cannot be ac 
counted for, but difficulties m the operation 
of the mass spectrometer occurring at the 
time may have been m part responsible 
Because of these irrational values, the figures 
are to be regarded with some reserve A- 
though if taken at face value the results 
indicate the breakdown of minute amoun s 
of glycine (about 1 mg) by the heart, the 
important conclusion to be derived from the 
data is that the degradation of glycine, under 
the conditions of our experiments, does not 
serve as an appreciable source of energv or 
the heart muscle Th is is contrary to the 

-1 Olsen, N S, Hemingway, A, ami AAer, A O 
J Biol Chcm , 1943, 148, 611 
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expectation that the high concentrations of 
gljcme maintained and the low blood car- 
bohydrate values obtaining after to 2 
hours (glucose, 14 mg% at the close of 
Exp 2) m the usual experiment of this 
fvpe, should have favored the metabolism 
ot glycine Again, with the present results 
taken at face value, the glycine may be cal- 
culated to have yielded only around 0 5% 
of the total CO 2 output of the heart (on 
the assumption that both carbons of the mole- 
cule ha\e gone to CCL) as compared with 
'alues of 20-30% from acetate, 1 administered 
m concentrations of the same order of magni- 


tude as those of glvcine 

Summary Glycine, labeled with heavy 7 
carbon m the carboxyl position, was ad- 
ministered to the completely 7 isolated work- 
ing, cat heart Isotopic analysis of the col- 
lected respiratory 7 CO 2 indicated that if split- 
ting of the 2-carbon chain of glycine with 
conversion of the carbon to CO 2 was ac- 
complished by 7 the heart muscle, it occurred 
only to a slight extent 

The nithors wish to think Mi Charles Stevens, 
foimerlv of the Deputment of Phvsns who nude 
the meisuiemcnts with the miss spectrometer 
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Blood and Tissue Chemical Studies m Fowl 
George R Herrmann 

(With technical assistance of Anna H Williams Mae S Cox Norman Monk 
John Prewett and H Tom Leigh ) 
riom the r tmrrstin of Tcxn? .UcJical Bianch Galu^ton 


Normal blood and tissue levels of the usual 
organic constituents with especial reference 
to total cholesterol and cholesterol esters and 
other lipids, were determined as a basis for 
projected fat metabolism studies Domestic 
fowl w 7 as the chosen experimental animal be- 
cause of the known high normal cholesterol 
production, especially of certified 260 to 320 
eggs per y 7 ear R O P sired hens Laying 
hens, after the sixth month, have been found 
to have a submtimal atherosclerosis of the 
aorta and coronary arteries, quite similar 
microscopically to the human tvpe in half 
the specimens examined by Dauber 1 -ks the 
age increases, the frequency of gross lesions 
has been noted to increase 
We have sacrificed 26 barred rocks fed on 
a standard growing mash (Purina) at ages 

71 Supported bv i grant from the Medic il 
Research Department, Wmthrop Chemical Co 
Choline Chloride was gentrousla supplied hi 
Merck k Co 

The generous cooperation of C W Cartel of 
the Texas Vgricultural Experimental Station, is 

grittfull' acknowledged 

1 D liibcr, D V d rch p a(h 1( , 44 3g 4fi 


from 11 weeks through 22 weeks and 26 
hens of various standard breeds that had 
been on a standard laynng mash, (Purina) 
Blood was collected from the severed neck 
vessels part was oxalated and part was al- 
lowed to clot and the serum expressed The 
aorta heart, and in later studies about 0 25 g 
of liver were removed The gross adipose 
tissue was dissected off and approximately 
0 25 g of cleaned aorta and lean heart muscle 
and liver were weighed accurately, minced 
carefully, extracted for 12 hours with 3 to 1 
parts of alcohol and ether 

The blood serum was analyzed by Folins 
microchemical methods for glucose, 2 non pro- 
tein nitrogen, 3 and Leiboft and Kahn s method 
for urea nitrogen 4 Bloors original method 
for cholesterol 3 and Bloor and Knudson s 
digitonm method 0 for cholesterol esters 

- Folm, O J Bwl Chcm , 1020 82 £>2 
Folm and Wu T Biol Chcm , 1010 , 38, SI 
J EmbolT, S L and Kahn, B S , J Biol Chcm 
1020, 83, 347 

Bloor W R T Biol Chcm 101 o 24 217 
« Bloor W R and Knudson A T Biol Chcm 
101G 27 107 
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Foul Blood Tissue Chemical Studies 


TABLE I 

Bloocl Chemical Levels in Jvoiiml Fowl 


Contiols 

XPX 
mg/ 
100 ml 

Uiea 

mg/ 

100 ml 

Glucose 

mg/ 

100 ml 

Cholestei ol 
mg/ 

100 ml 

Cholesteiol 
mg/ 230 g 
of aorta 

Semm 
piotem 
g/100 ml 

Sex and age 

Controls (Y) 

3S 5 

19 6 

1716 

217 4 

172 7 

4 03 

Young B E 

(26) S D 

±4 7 

±2 0 

±23 6 

±25 0 

±33 2 

±0 o 

11 22 it k 
old 
hens 

Controls (A) 
(26) 

36 2 

19 1 

177 

24S 

230 

6 1 

YHUOUS 

S D 

±6 4 

±3 0 

±4S 4 

-*-37 

±43 2 

±1 3 

breeds 


TABLE II 

Bloocl and Tissue Chemical Lei els in Noinnl Foul 


Tissue eliolesteiol, total/esteis 


Bloocl eliolesteiol 



total 

mg/100 ml 

Esteis Phospholipids 
nig/100 ml mg/100 ml 

Aoiti 
mg/230 mg 

Heait 
mg/250 mg 

Liver 

mg/250 mg 

Contiols (B) 
(8) 

S D 

232 

153 


249/ 

271/ 

337/ 

±21 

±5 C 


-*-20 

T/E 

±40 

T/E 

±54 

T/E 

Contiols (C) 
(26) (4) 

S D 

271 

179 

96 

230/176 

28S/234 

342/240 

±37 

±19 

2 S 

±45/±20 

±86/ ±19 

±62/±19 


T total, E esteis 


King s method 7 for total and inorganic phos- 
phorus and the CuS0 4 falling drop method 8 
for calculating the total serum protein levels 
The ether alcohol extracts of aortic arches, 
hearts and livers uere quantitatively ana- 
h zed for content of cholesterol, cholesterol es- 
ters and the amount in exactly 0 25 g of each 
tissue was calculated 

The 26 young barred rocks showed normal 
le\ els for the usual blood constituents (Table 
I) The cholesterol levels were relatively low 
in both sexes from the 11th to 14th weeks 
and then started to rise especiallv in the 

" King.lTj , 3 Biol Client 1932,20, 292 
S Phillips, BA et al , U S Navv Ees Unit at 
the Hosp of the Bochefellei Inst foi M E , 1943 


pullets seemingly dropped off some at the 
16th week as minute egg yolks appeared and 
then rose slowly The cholesterol levels in 
the aortae seemed to follow the blood levels 
The blood protein levels were lower than for 
mammals 

Among the 26 older hens, all showed nor- 
mal values for the usual blood constituents 
(Table I), except for the serum proteins 
which were slightly low, however The heavy 
breeds as barred rocks and the high egg pro- 
ducing white leghorns showed the highest 
levels of lipids in the blood and tissues 

Some further data obtained from control 
specimens obtained simultaneously with those 
of the feeding series are given m the Table II 
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Arthur M GiN7Ler *1 (Introduced by Oscar Bodansky ) 
From the Patholony Section, Medical Division, Chemical Warfare Service, 
Pdgewood Arsenal, Md 


Following the unexpected death of a rabbit 
4 days after the intravenous administration 
of safranm 0,J autopsy disclosed somewhat 
enlarged flabby kidneys with swollen yellow - 
ish-streaked cortices i Microscopic examina- 
tion of the kidney's revealed severe, essentially 
selective necrosis of the renal tubular epitheli- 
um, involving predominantly the proximal 
convoluted tubules The glomeruli appeared 
uninjured, and there were relatively minor 
degenerative changes and focal cellular 
necrobiosis in the loops of Henle and distal 
convoluted tubules, the collecting tubules 
appeared normal except for the presence of 
casts of necrotic material No noteworthy 
changes were present in the other organs 
(brain not examined) except for moderate 
fatty change and sinusoidal congestion of the 
liver The apparent relation of this renal 
damage to the administration of the dye, 
and the unexpectedness of this action of 
safranm, which has been apparently hitherto 
unreported, prompted a repetition of the pro- 
cedure for verification and study' 

Procedure Healthy stock rabbits weighing 
about 2 kg were given a single intravenous 
administration of safranm Oil m physiological 
saline or m aqueous solution, in a dose of 
10, 20 or 40 mg per kg The rabbits were 
then sacrificed at intervals for gross and 

* -M-nor, M C , A r S 

T With the technical assistance of Elizabeth B 
Burheniper and Lt Charles Boyers 

J -V basic nuclear stain, one of the azin gioiqi 
of quinoiiL mime dyes, a mixture of dimttlnl and 
trnnctln 1 di iiinnophcm Iphenazouiuin chloride 
$ The original observation ms made by the 
lutlior in 104 2 as an incidental finding m a rabbit 
submitted for pathological examination by Ciptam 
Russel Bowers 

I, S lfr min O, for general staining purposes 
Total die content S5% C I Xo S41 National 
Aniline X Chemical Co, Inc, Near York, X Y 


microscopic study In most instances de- 
terminations of blood NPN were made, these 
are recorded m Table I 

Observations Immediately' following injec- 
tion of the dye, the tissues took on a dis- 
tinctly pinkish tinge, this was especially' no- 
ticeable in the ears, conjunctivae, and mucous 
and serous membranes It was readdy ob- 
served in the skin on parting the fur The 
kidney's showed a diffuse staining of the cor- 
tex and boundary zone within a minute The 
dye appeared m the urine within a few hours 
and was still present at 24 or even 48 hours, 
depending on the dose 

From Table I, it may be observed that 
none of 8 rabbits receiving 10 mg per kg 
showed any significant change m blood NPN 
One animal sacrificed at 24 hours showed 
mild fatty changes and sinusoidal congestion 
of the liver, except for some excess of granular 
debris in the tubular lumens and apparent 
degenerative changes of somewhat questiona- 
ble significance m the distal portions of the 
proximal convoluted tubules, the kidney's were 
not affected at this time In 2 sacrificed at 
4S hours, the greater portion of the renal 
parenchyma appeared entirely' normal, here 
and there however, a number of scattered 
proximal convoluted tubules presented one or 
several cells showing early but definite 
coagulation necrobiosis manifested by hvper- 
eosinophiha of the cytoplasm, and nuclear 
pyknosis, lysis and karyorrhexis Many of 
these cells were m the process of being ex- 
truded into the lumen of the tubule, while 
adjacent cells appeared entirely' normal In 
all rabbits, at this dose, sacrificed subse- 
quenth , no significant lesions were observed, 
and anv pre-existing damage had been re- 
paired without remaining evidence 

At 20 mg per kg, 4 of S rabbits showed 
a distinct rise m blood NPN at the time of 
sacrifice In all 4 animals in which this did 
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Experimental Safranin 0 Nephritis 


TABLE I 

Blood NPy of B ibbits Following Intra\ enous Injection of Safianin 0 


Dose 

(mg/kg) 

f 

Befoic 

injection 

NPI\ (nig/100 cc) 

Dai s after injection 

1 2 3 4 5 6 7 

9 

Date 

10 

43 

4G 




Sacnficed 1st daj 


49 

50 




O 


51 

59 




O 


55 

44 




3 


47 


35 



5 


39 


40 



5 


45 

48 


oG 

50 

9 


47 

42 


62 

50 

9 

20 

59 

00 




1 


39 

82 




1 


40 

149 




o 


49 

46 




3 


53 

55 

54 



4 


44 


1SI 



5 


37 


281 



Died 5 


44 

52 


51 


Sacrificed 12 


5 45 

48 


G5 


# 


V 

138 98 




” 4 

40 






Died 31 47 hr 







” ca 48 ” 


59 

246 




Sacrificed 2nd dai 


40 

258 




” 3 


47 

157 




” 3 







Died 72 96 hr 


30 


392 



Sacnficed 4th day 
— — i 


“ Tins mini'll lcccived second injection of 20 mg per Lg 12 dais after first injection 


not occur, examination of the kidneys revealed 
relatively mild tubular necrosis, limited to 
the distal segment of the proximal convoluted 
tubules and involving apparently only a lim- 
ited number of nephrons In those in which 
the NPN rose, there was extension of the 
necrosis to the proximal as well as the distal 
portion of the proximal convoluted tubules, 
and involvement varying in extent from a 
moderate proportion to almost all of the 
nephrons (Fig 1) In the most severe, 
there were also distinct degenerative changes 
and focal necrobiosis of cells in the ascending 
limb of Henle and in the distal convoluted 
tubules as well In all, there was distinct 
sparing of the nephrons in the inner half of 
the cortex as compared with the outer half, 
I have noted this in experimental mercuric 
poisoning in rabbits also Similar moderately 
severe damage was present m another rabbit 
which had had a previous injection of this 
same amount 12 days before, the first in- 
jection had resulted m but slight rise in 
NPN while a more marked elevation followed 
the second injection (Table I) In a dog 


which also received this amount of safranin, 
the kidneys presented a similar picture of 
extensive necrosis of the proximal convoluted 
cortical tubules 

The dose of 40 mg per kg was administered 
in 2 separate injections within a period of 
2-4 hours, as the injection of this amount 
as a single dose led to slowing and cessation 
of respiration With this amount, 3 of 7 
rabbits died at 31-47, 48 and 72-96 hours, 
respectively All the others showed marked 
elevation of NPN at the time of sacrifice 
The kidneys of all of the animals of this 
group showed extensive severe tubular necrosis, 
even as early as 24 hours (not in Table I), 
the glomeruli remaining unaffected It was 
apparent that the seventy of renal damage 
would unquestionably have led to the death 
of the sacrificed rabbits as well, had they 
been permitted to continue In this, as well 
as in the other groups, there were no note- 
worthy findings in the other organs, the brain 
not being examined, except for mild fatty 
degeneration and sinusoidal congestion of the 
liver . 
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Fig 1 

Extensive necrosis of epithelium of proximal convoluted tubules in 
renal cortex of rabbit following intravenous administration of 20 nig per 
kg of safranin O On the left a small group of proximal convoluted tubules 
have escaped damage The distal tubules are rclatneh intact except for 
the presence of casts in the lumen The glomeruli appear uninjured except 
for the presence of some granular precipitate in the capsular space of the 
one at the left 


Discussioti The gross observation of the 
very rapid deposition of safranin in the kid- 
neys has also been reported by Sheehan 1 
who likewise administered this substance to 
rabbits, but failed to observe any renal or 
other damage, presumably because of the 
dose he employed which was apparently 5 
mg per kg Sheehan reported that in unfixed 
frozen sections of the kidnej. of rabbits sac- 
rificed within one minute after injection of 
the dye, heavj staining of intermittent 
nephrons with the d\e could be observed 
whereas the intervening ones might be al- 
together uncolored He also showed that at 
low rates of renal circulation, the extraction 
ratio of the kidnev for the dye is, for prac- 
tical purposes, 100% and he has concluded 
that, whether or not there is glomerular 
filtration of the d\e a considerable propor- 
tion is secreted by the tubules from the 
peritubular capillaries 

The histologic picture of the renal injury 
observed in these animals closely resembles 

l Slicctnn, H L , J Fhysiol , 1031, 72, 201 


indeed except perhaps for minor detail, is 
indistinguishable from that caused by mer- 
curic chloride, chromates, uranium, bismuth, 
and, under certain conditions, cadmium - It 
is of interest, m regard to biochemical mechan- 
isms of tissue injury, that the pathologic- 
anatomical effects of heavy metal poisoning 
should be so closely paralleled b\ an organic 
compound such as safranin, m addition, es- 
sentially the identical histologic picture of 
renal tubular injury follows the nephrotoxic 
action of other organic compounds including 
oxalates and tartrates, and the dyes, the 
styrol quinoline dye No 90 2(p-acetylammo 
stx r\ 1 ) 6-dimethy lammo-qmnohne metho- 
chloride and acriflavine 1 The question arises 
whether similar types of biochemical mechan- 
ism of intoxication may not be operative 

2 Gmzlcr, A II, ct of, Proc Am Assoc Path 
and hurt Am J Path , in press 

3 Slireli in, H L , J Path and Pact , 1032, 35, 
5S0 

4 Melenei , F L mil Ziu, Z , J A If A , 1925, 
84, 337 
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Potassium Deficiency in the Dog 


Considerable evidence indicates that the to\ic 
action of heavy metals may be due to com- 
bination with SH enzymes r, ° That at least 
some of the organic compounds mentioned 
above, specifically saframne, acriflavme and 
the styrol quinoline compound, may likewise 
act as inhibitors of enzyme systems and m 
this way exert their damaging action on the 
kidneys in a manner paralleling the action 
of the heavy metals biochemically as well as 
pathologically, is indicated by Dickens’ 7 
demonstration of a striking and selective 
inhibition of the normal aerobic inhibition 
of fermentation by extremely low concentra- 
tions of phenosafranme, the chemical struc- 
ture of which is closely related to that of 
saframne, and he has demonstrated a like 
action of acriflavme as well as a quinoline 
relative of the styrol quinoline compound 
No 90 

Summary The intravenous administration 
of the dye, saframn 0, to rabbits and dogs 
produces selective renal tubular necrosis, in- 
volving predominantly the proximal con- 

r > Peters, R A , and Thompson, R H S , Nature, 
1945, 150, 616 

GWateis, L L, and Stock, C, Science , 1945, 
102, 601 

" Dickens, F , Bioclicm J , 1936, 30, 1233 


voluted tubules The histologic picture very 
closely resembles that observed in heavy metal 
poisoning 

Saframn 0, in a dose of 10 mg per kg, 
produces minimal histologic injury m the 
kidney in rabbits, which is readily and rapidly 
repaired The intravenous administration of 
20 mg per kg is followed by more extensive 
and severe necrosis of the proximal con- 
voluted cortical tubules, which is, m perhaps 
half the animals, reflected in elevation of 
the blood NPN Increasing the dose to 40 
mg per kg results m almost complete necrosis 
of the renal proximal convoluted tubular 
epithelium, as well as some damage to the 
distal tubules, this dose is probably uni- 
formly fatal to rabbits With all amounts 
of the substance, noteworthy lesions of other 
organs than the kidney, m the absence of 
examination of the brain, appear to be limited 
to a relatively mild degree of fatty degenera- 
tion and sinusoidal congestion of the liver 
The suggestion is made and evidence cited 
that the nephrotoxic action of saframn, as 
well as that of certain other nephrotoxic or- 
ganic compounds, parallels the action of heavy 
metals biochemically as well as pathologically, 
and that these organic compounds exert their 
n ephrotovic effect by acting as inhibitors of 
vital enzyme systems 
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Potassium Deficiency in the Dog * 

W R Ruegamer, C A Elvehjf.m, and E B Hart 
From the Department of Biochemistry C ollcyc of Agriculture, University of Wisconsin, 

Madison 


Recent reports by Lamboov and Nasset 1 
and Smith 2 3 4 have indicated that factors, 
in addition to the better known nutrients, 
are necessary for optimum growth, prevention 

* Published with the approc al of the Director of 
the Wisconsin Agncultur it Experiment fetation 
Supported in part b} a grant from the Wisconsin 
Alumni Beseaich Foundation 

We arc indebted to Merck and Company, Raima}, 
N J, for the sjnthetic vitamins and to Abbott 


of paralysis, maintenance of a healthy skm 
and prevention of anemia m the dog We 
have found a basal ration containing only the 
6 water soluble vitamins (thiamin, riboflavin, 

Labontoncs, North Clue igo, 111, for lnlucr oil 
lLimboov, T P, uul Nasset, E S,J Nutrition, 
1943, 20, 293 

2 Smith, S G , Science, 1944, 100, 389 
a Smith, S G, Am J Physiol, 1944, 14 2, 476 
i Smith, S G, Am J Physiol, 1943, 144, 175 
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TABLE I 


Basal 1 \tion 
(Smith) 


Basil lation 
(modified Stieit bisal) 


Sm lose 
Casein 

Cottonseed oil 
Cod luer ml 
% lit mixture 
Thiamin 
Riboflaun 
Nicotinic 'lent 
Cod pantotliin itc 
Pi ndoMiie 
Cliolnu chloride 
Inositol 

p niunolieiizoie acid 
Vit A 
Tit B 
Vit E 


309o 

40 

IS 

o 

4 

1 4 mg/dog/dai 
07 ” ” ” 

GO ” ” ” 

t. 0 ” ” ' 

no ” ” ” 
100 0 ’ ” ' 
100 0 ’ ” ” 
0 0 ” ” ” 
1800 I C ” ’ 

300 > ” ” 

i^ ee mixed to 
tophi! ols/ucik 
(Lcderle) 


GGC C 

10 

11 

0 

4 

01 mg/kg/d ix 

01 ” ” ” 
i q )) > y j 

0*> ” ” ” 

0 0G ” ” ” 

100 ” ” ” 

0 ’ ’ ” 

Q 13 33 33 

1SOO I T’/doft/dn 
300 ’ ” ” 

0 


Smith salt nuxtuio 


Silt nuxtuie (■'ilt*- IV- 

-UTis ) 

Bone meal, steamed 

57 S*/c 

CaCO- 

32 34oj - ' 

Sodium eliloridc 

24 4 

k,hpo 4 

34 73 

Lime stone 

12 2 

C aiP0 4 

5 35 

Iron sulfate 

3 7 

VgSO, 

0 07 

Magnesium oxide 

1 2 

XaCl 

18 04 

Copper sulfate 

03 

Fe(C 0 II-O 7 ) 2 

2 37 

Manganese sulfate 

0 1 

KI 

0 08 

Zinc oxide 

0 1 

MnS0 4 

0 30 

Cobalt carbonate 

01 

ZnCL 

0 03 

Potassium iodide 

01 

C 11 SO 4 

0 02 
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nicotinic acid, pvridoxine, pantothenic acid 
and choline) together tilth vitamins A and 
D to be remarkably satisfactory for growing 
dogs “ In fact, excellent growth and blood 
regeneration have been obtained even when 
this ration contained levels of succinyl- 
sulfathiazol as high as 4% c Previous re- 
sults 3 have indicated that these differences 
are not due to variations m the carbohydrate, 
fat and protein content of the rations nor 
to the addition of p-aminobenzoic acid and 
inositol Hon ever, the loir choline level in 
Smith’s ration, even, m the presence of high 
protein, might be a limiting factor In recent 
iiorh, we 7 have observed a mortality of 75% 
in dogs receiving low levels of vitamins m 
which the choline level Mas comparable to 

a Ruegamcr, TV E , ilielnud, L , Elvehjem C A , 
md Hart, E B , Am J Jplnjswt , 1945, 145, 23 

o Ilielnud, L, Maas, A R, Ruegamer, TV R, 
and Elxelrjem, C A , Proc Soc Exp Biol and 
Med 1944, 5G, 14S 

7 Unpublished data 


that fed hi Smith (10 mg/kg body weight/ 
day) and autopsy revealed a fatty infiltra- 
tion of the liver When the choline level 
was raised to 50 mg, /kg body Height /day, 
the animals grew normally and remained m 
good health 

With this information at hand, an experi- 
ment u as undertaken in lihich Smith’s basal 
ration (Table I) was duplicated as nearly 
as possible and fed to a litter of 6 8-week-old 
pups For purposes of comparison the com- 
position of the basal ration used in our previ- 
ous vtork is also given in Table I Two 
of these animals (dogs 1 and 2) received 
added amounts of choline (50 mgAg body 
veight /day) and one dog (dog 6) was fed 
7 ng of biotinAg body Height /day All ani- 
mals Mere fed ad libitum and received an 
aqueous suspension of the B vitamins tiuce 
a Meek administered by pipette Three ml 
blood samples Mere obtained from the radial 
vein on the same day every Meek before 
the morning feeding, and the hemoglobin 
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Considerable evidence indicates that the toxic 
action of heavy metals may be due to com- 
bination with SH enzymes" 0 That at least 
some of the organic compounds mentioned 
above, specifically safranine, acriflavme and 
the styrol quinoline compound, may likewise 
act as inhibitors of enzyme systems and in 
this way exert their damaging action on the 
kidneys in a manner paralleling the action 
of the heavy metals biochemically as well as 
pathologically, is indicated by Dickens’ 7 
demonstration of a striking and selective 
inhibition of the normal aerobic inhibition 
of fermentation by extremely low concentra- 
tions of phenosaframne, the chemical struc- 
ture of which is closely related to that of 
safranine, and he has demonstrated a like 
action of acriflavme as well as a quinoline 
relative of the styrol quinoline compound 
No 90 

Summary The intravenous administration 
of the dye, safrantn O, to rabbits and dogs 
produces selective renal tubular necrosis, in- 
volving predominantly the proximal con- 
's Peteis, R A, Hid Thompson, B H S, Nature, 
1945, ISO, GIG 

GWiteis, L L, and Stock, C, Science, 1945, 
102, 601 

" Dickens, F , Biochcm J , 193G, 30, 1233 


voluted tubules The histologic picture verv 
closely resembles that observed in heavy metal 
poisoning 

Saframn O, in a dose of 10 mg per kg, 
produces minimal histologic injury m the 
kidney in rabbits, which is readily and rapidlv 
repaired The intravenous administration of 
20 mg per kg is followed by more extensive 
and severe necrosis of the proximal con- 
voluted cortical tubules, which is, in perhaps 
half the animals, reflected in elevation of 
the blood NPN Increasing the dose to 40 
mg per kg results in almost complete necrosis 
of the renal proximal convoluted tubular 
epithelium, as well as some damage to the 
distal tubules, this dose is probablv uni- 
formly fatal to rabbits With all amounts 
of the substance, noteworthy lesions of other 
organs than the kidney, m the absence of 
examination of the brain, appear to be limited 
to a relatively mild degree of fatty degenera- 
tion and sinusoidal congestion of the liver 
The suggestion is made and evidence cited 
that the nephrotoxic action of saframn, as 
well as that of certain other nephrotoxic or- 
ganic compounds, parallels the action of heavy 
metals biochemically as well as pathologically, 
and that these organic compounds exert their 
nephrotoxic effect by acting as inhibitors of 
vital enzyme systems 
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From the Department of Biochemistry, Cotlcye of Agriculture, University of Wisconsin 

itachson 


Recent reports by Lambooy and Nasset 1 
and Smith 234 have indicated that factors, 
in addition to the better known nutrients, 
are necessary for optimum growth, prevention 


* Published with the approval of the Directoi of 
, Wisconsin Agricultural Experiment Station 
pported ill pait b> a grmt from the Wisconsm 
umin Research Foundation 

We .re indebted to Merck and Company, Rilmaj, 
j, f oi the synthetic vitamins and to Abbott 


of paralysis, maintenance of a healthy skm 
and prevention of anemia m the dog We 
have found a basal ration containing only the 
6 water soluble vitamins (thiamin, riboflavin, 

Labcnatorics, North Chicgo, 111 for lnlncr oil 
lL.mboov, J P, md N isset, E % , J Nutrition, 
1943, 26, 293 

■i Smith, S G , Science, 1944, 100 , 3S0 
1 Smith, S G , Am T Physiol , 1944, 142 , 47G 
4 Smith, s G, Am J Physiol, 1945, 144 , 175 
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TABLE X 
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01 

Nicotinic acid 
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2 0 

C*i (1 jnnroiJ cm e 

ft n 


ft ~ 

Pvrir'oxme 

ft 


It (Mi 

Choline (blonde 

It »oo 


3(» it 

I no-i ed 

lf»r» d ’ 


it 
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f n 5 5 


0 

Vi* A 

I ' 1*0 I X* 


J r dog cter 

Yu B 

300 > 


jfut 

Tit E 
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<c»pljtrc»l« ~cf\ 
t Lederie) 

ft 

n 

Q n *b sa/r v^ir've 


mi 

z'ure .^ak' 17* — *HT« ) 

Bone meol « earned 

77 S r c 

faro- 

33-3=«~7 

Sodium enlonde 

->j, < 

K HPO* 

C4.7Ci 

Lime sroi»e 

12 2 

C lHP0 4 

‘jJoo 

Iron s ulfa re 

3 7 

Mg^O, 

>' <57 

oxide 

1-3 

XaCl 

IS 04 

( opp£- sulfa*e 

03 

FefOH-O- 

•j'* 2 « 

Manganese sul fa-<> 

oj. 

KI 

nr? 

Zinc oxide 

01 

Ma ^0, 

0.30 

fobaL carbonaie 

0 I 

ZnCl 

0 03 

Potassium iodide 

01 

( u'-O, 

ft f V 
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nicotinic acid pyndoxme pantothenic aad 
and choline) together with vitamins A and 
D to be remarkably satisfactory for growing 
dogs 5 In fact excellent growth and blood 
regeneration have been obtained even when 
this ration contained levels of succmvl- 
sulfathiazol as high as 4% 5 Previous re- 
sults 3 have indicated that these differences 
are not due to variations in the carbohv drate 
fat and protein content of the rations nor 
to the addition of p-ammobenzoic aad and 
inositol However the low choline level in 
Smiths ration even in the presence of high 
protein might be a limiting factor In recent 
work we' have observed a mortality of 755c 
m dogs receiving low levels of vitamins in 
which the choline level was comparable to 

3 P negate*- vv E iLehasd L Ehxh^m. C X. 
and Hart E B J P/.jsioI 1945 14 j 23 

1 Michaud. L Macs A E. Eucgamer W E 
-Ed El-ehiem C A. Pxoc. Soc Exp Biol, jid 
M m 1944. 7JG US 

~ Eiijinbiisbed da*a_ 


that fed bv Smith (10 mg /kg body weigh*/ 
day) and autopsy revealed a fatty infiltra- 
tion of the liver When the choline level 
was raised to 50 mg /kg body weight /day, 
the animals grew normally and remained in 
good health 

With tms information at hand an experi- 
ment was undertaken in which Smith's basal 
ration (Table I) was duplicated as reariv 
as possible and fed to a litter of 6 S-weeh-old 
pups For purposes oi comparison the com- 
position of the basal ration used in our eren- 
ow 5 work is also given m Table I Two 
of these animals (dogs 1 and 2) received 
added amounts of choline (50 mg/kg body 
weight dav ) and one dog (dog 6) was fed 
7 Mg oi biotin /kg body weight 'dav All ani- 
mals were fed ad libitum and received an 
aqueous suspension of the B vitamins twice 
a week administered by pipette Three ml 
blood samples were obtained from the radial 
'em on the same dav* every week before 
the morning feeding and the hemoglobin 
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TJk growth response of dogs on the Smith bnsal ntion with mtl without added 
potassium 


level determined by the method previously 
used 0 

Rcsmts All animals showed poor growth 
and a plateau in the growth curves was soon 
evident (Fig 1) After a few weeks the 
animals became restless and began to develop 
symptoms very similar to those described by 
Smith At this time, the ration was checked 
and found to be very low in potassium In 
spite of the fact that Smith mentions the 
administration of potassium chloride to one 
animal in 100 mg doses every hour for 7 
hours without apparent effect, it was decided 
to try potassium in the case of two of the 
animals A single dose of potassium chloride 
(3 g) was given by capsule to dogs I and 4, 
and the animals continued on the Smith 
ration but the salt mixture was changed to 
contain 160 g of KC1/1000 g of salt mixture 
An immediate growth response occurred 
which continued for 30-40 days One of the 
animals (dog 1), which received the potas- 


sium supplement had been on the high choline 
level from the start of the experiment and 
had exhibited no growth until potassium 
therapy was started 

The remainder of the animals were kept 
on the Smith basal ration until dog 6, re- 
ceiving supplements of crystalline biotm, de- 
veloped a moderate attack of paralysis The 
paralysis first started m the muscles of the 
neck and the animal developed what might 
be termed a “stiff neck” and was unable 
to hold its head erect Several hours later, 
the animal was given 3 g of potassium 
chloride by capsule and vras placed on the 
potassium supplemented ration, as in the case 
of dogs 1 and 4 This animal likewise showed 
a very marked growth response of approxi- 
mately ZOO g per day, and the paralytic 
symptoms disappeared completely' 

Two day's later, dog 3 developed a neck 
paralysis which grew progressively worse un- 
til the animal became severely paralysed 
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about 10 hours later The rear legs were 
completely paralyzed and the front legs be- 
came so weak that the dog was unable to 
raise itself from the bottom of the cage 
\l this point 3 g of potassium chloride was 
given by capsule and one hour later the ani- 
mal was able to stand and walk around This 
animal was also placed on the potassium 
supplemented Smith ration and failed to de- 
velop am recurrent attacks of paralysis 
Dog 2 (high choline ration) showed 2 
attacks of paralysis which were relatively 
nuld and invoh ed only the neck region The 
first attack suffered by dog 5 (low choline 
ration) in\ol\ed only the neck, but the second 
attack was quite severe Three g of potas- 
sium chloride was given by capsule and the 
dog was placed on the potassium supple- 
mented ration This animal responded well 
to the potassium therapy and experienced no 
further transient attacks 

Hemoglobin values ranged between 15 and 
16 g per 100 cc of blood just before the 
animals developed paralysis Since these 
animals were only 3J4- 4 months old at this 
time, it is possible that a hemo concentration 
existed as a result of a salt imbalance After 
the administration of potassium, the hemo- 
globin levels dropped to 13-14 g per 100 cc 
As the experiment progressed and before 
potassium supplements w r ere given, the teeth 
of all dogs became discolored and the enamel 
appeared to be eroded ith potassium 
therapy this condition appeared to improve 
somewhat but recovery was not complete 
Discussion When Smith’s ration was dupli- 
cated as nearly as possible and fed to litter- 
mate dogs, all animals ceased to grow and 
eventually developed paralvsis When potas- 
sium therapy was started all dogs demon- 
strated a rapid growth response of 200-250 g 
per day and the paralysis disappeared 
It is interesting to note that choline ap- 
pears to have no effect on the deficiency 
syndrome observed, since added amounts of 
choline failed to stimulate grow th and prevent 
the onset of paralysis It should be pointed 
out that even though dog 6 received 7 ft g 
of crystalline biotin per kg body weight per 
day throughout the ex-periment, this animal 
suffered attacks of paralysis and failed to 


grow until potassium therapy was started 

From these data, it would appear improba- 
ble that a multiple deficiency developed since 
the administration of potassium alone brought 
about an immediate growth response of 200- 
250 g per day If there had been a multiple 
deficiency it would seem that there should 
have been an initial response to potassium 
and that further deficiency would hare pre- 
vented the animals from making such dramatic 
weight gams over such an extended period 

The cardiac failure observed so frequently 
bv Smith is another point in favor of an 
existing potassium deficiency since cardio- 
vascular lesions have frequently been found 
m rats fed diets deficient in potassium s 

In the light of this work, it is difficult to 
explain the results obtained by Smith with 
biotin However in all cases, the biotm 
seemed to have only a temporary beneficial 
effect and the animals soon relapsed into a 
state of paralysis Only when the animals 
were placed on a ration containing 
yeast which would contain ample amounts 
of potassium, did the animals recover com- 
pletely from the paralysis and return to a 
normal state of health It is possible, though 
unlikely, that the administration of potas- 
sium increases the intestinal synthesis of 
biotin, which is actually the curative agent 
and that our biotm dog did not receiv’e suf- 
ficient amounts of crystalline biotm to pre- 
vent paralysis 

If the deficiency^ syndrome observed is due 
to a potassium deficiency, the paralysis might 
be explained on the basis of a breakdown m 
certain enzyme systems Xachmansohn et al 9 
have suggested that potassium seems to be 
concerned with in vivo enzyme systems re- 
sponsible for phosphorylation This theory' 
was further substantiated by the work of 
Boy'er ct al ln who found that potassium 
markedly accelerates the transfer of phos- 
phate from 3-phosphoglycerate to creatine m 

■S McCollum, E 1 Orent Keiles, E t and D n, 
H G , The Xcnn Knontcdrje of Xutritioii 5th cd , 
The M-icimllni Company, New York 1030, 203 

*• N'ulnnijisolm D and John H M , Pkoc ‘Ooc 
Exp Biol vxd Med , 1044, 57, 361 

10 Bover, P D Lirdv, H A , and Phillips, 
P H , T Bwl Chem 1043, 149, 520 
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The growth response of dogs on the Smith bisal ntion ruth ind without Tided 
potassium 


level determined by the method previously 
used c 

Results All animals showed poor growth 
and a plateau in the growth curves was soon 
evident (Fig 1) After a few weeks the 
animals became restless and began to develop 
symptoms very similar to those described by 
Smith At this time, the ration was checked 
and found to be very low m potassium In 
spite of the fact that Smith mentions the 
administration of potassium chloride to one 
animal in 100 mg doses every hour for 7 
hours without apparent effect, it was decided 
to try potassium m the case of two of the 
animals A single dose of potassium chloride 
(3 g) was given by capsule to dogs 1 and 4, 
and" the animals continued on the Smith 
ration but the salt mixture was changed to 
contain 160 g of KC1/1000 g of salt mixture 
,\n immediate growth response occurred 
which continued for 30-40 days One of the 
animals (dog 1), which received the potas- 


sium supplement had been on the high choline 
level from the start of the experiment and 
had exhibited no growth until potassium 
therapy was started 

The remainder of the animals were kept 
on the Smith basal ration until dog 6, re- 
ceiving supplements of crystalline biotm, de- 
veloped a moderate attack of paralysis The 
paralysis first started in the muscles of the 
neck and the animal developed what might 
be termed a “stiff neck ’ and was unable 
to hold its head erect Several hours later, 
the animal was given 3 g of potassium 
chloride by capsule and was placed on the 
potassium supplemented ration, as in the case 
of dogs 1 and 4 This animal likewise showed 
a very marked growth response of approxi- 
mately 200 g per day, and the paraljtic 
symptoms disappeared completely 

Two days later, dog 3 developed a neck 
paralysis which grew progressively worse un- 
til the animal became severely paralyzed 
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TABLE I 

Cross ngglutiintiou and Beciproi.nl Adsorption of Sh tit spar, Txpes I md II, and 
Sh paradyscntcrtac, Type P143 

Agglutinate e titer with 


Sh dttpar ssrotnpc 


Serum 

Adsorbed 

Mith strain 

I 

(171) 

Ila 

(167) 

lib 

(205) 

lie 

(231) 

Sh para 
P143 

171 

Lunds 

5120* 

640 

12S0 

12S0 

80 


167 

5120 

Ot 

0 

0 

SO 


205 

5120 

0 

0 

0 

SO 


231 

5120 

0 

0 

0 

40 


P143 

2560 

640 

640 

12S0 

0 

167 

V raids 

640 

S1O20 

40060 

40060 

640 


171 

0 

204S0 

5120 

10240 

160 


205 

0 

2560 

0 

2500 

320 


231 

0 

0 

0 

0 

0 


P143 

320 

204S0 

20480 

204S0 

0 

205 

Bnads 

320 

10240 

10240 

10240 

20 


171 

0 

10240 

5120 

10240 

20 


167 

0 

0 

0 

0 

0 


231 

0 

0 

0 

0 

0 


P143 

160 

10240 

5120 

5120 

0 

231 

Bnads 

12S0 

10240 

10240 

10240 

320 


171 

0 

10240 

10240 

5120 

160 


167 

0 

0 

0 

160 

0 


205 

0 

SO 

0 

2560 

40 


P143 

12S0 

10240 

10240 

10240 

0 

P143 

Bnads 

12S0 

2560 

2560 

2560 

10240 


171 

0 

320 

1280 

640 

2560 


167 

320 

0 

0 

0 

2560 


205 

80 

160 

0 

20 

2560 


231 

160 

0 

0 

0 

2560 


• ( 

* Titers are expressed ns reciprocals of the highest dilutions gn mg anr agglutination after 
15 IS hours incubation at 55° C 


t o indicates no agglutination in 1 40 dilution 


TABLE n 

Antigens of Sh dtspar Tvpes I and II, and Sh 
paradysentenar, Type P143 


Culture 

Ko 

Ttpc 

Antigens 

171 

Sh dtspar X 

AC 

167 

Sh dtspar Til 

ABD 

205 

Sh dtspar TTb 

AB 

231 

Sh dtspar Tic 

ABDE 

P143 

Sh paradyscntenac P143 BCD E 

2 193 


AB 


alkalescciis Neter 3 ’ 4 has recently so classified 
this strain However, he stated that it does 
not share any major antigens with Sh d~ 
kalescens types I, II or IV, and established 
a separate serotype (III) for it He noted 
that this strain is strongly agglutinated b\ 
antiserum P143 Wheeler et al~ reported 
strong cross reactions between culture 2-193 

7 Wheeler, K U , Stuart, C A , and Ewing, 
W H , 7 Pact , 1046, m press 


(Wheelers No 2372) and type P143 and 
postulated a common antigen distinct from 
the specific P143 antigen Thej also noted 
very close relationship between 2-193 and 
Sh dtspar, type II 

In the present investigation, strain 2-193 
agglutinated in 1 2560 dilution of antiserum 
P143 (homologous titer 1 10,240) Converse- 
ly P143 agglutinated to a titer of 1 320 m 
an antiserum for 2-193 (supplied by Dr 
Wheeler) whose homologous titer was 
1 20,480 By use of monovalent serums 
prepared by suitable adsorption (Table II), 
major antigens A and B were found in strain 
2-193 It is therefore antigemcally a typical 
Sh dtspar, type lib It is to be noted that 
fraction B is the antigen common to 2-193 
and P143 Furthermore, culture 2-193 
agglutinated to titer in antiserum 205 (type 
lib) and almost completely adsorbed the 
latter (titer reduced from 20,4S0 to 160) 
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homogenized fresh muscle, and that potas- 
sium is necessary for the phosphorylation 
of creatine to accompany pyruvate oxidation 
by animal tissues Thus the paralysis may 
be due to a breakdown in the enzyme system 
responsible for muscular contraction 

Potassium therapy has been of some value 
m clinical investigations of certain types of 
paralysis Aycoch 11 has recently reported a 
case of familial paralysis in winch the ad- 
ministration of potassium brought about a 
prompt recovery' from the paralysis Like- 
wise, potassium chloride has been found to 
have a mild effect on the symptoms of 

11 Ay cock, XV L , ind I’olcv, G E Am T Med 
Sc , 1945, 210, 397 


myasthenia gravis Several dog breeders and 
veterinarians have called our attention to 
the frequent existence of a paralysis m ani- 
mals maintained on commercial dog foods 
The possibility'- of a potassium deficiency ex- 
isting in these rations is being studied at 
the present time 

Summary In order to study the paralysis 
described in dogs by Smith, a ration similar 
to that described m her work was prepared 
and fed to growing dogs When placed on 
this ration, our animals failed to grow and 
developed a paralysis which was curable with 
potassium Even though Smith has obtained 
cures with the administration of biotin, one 
of our animals receiving biotin became para- 
lysed and responded to potassium therapy 
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paradysentertae, Boyd Type P143 

Philip L Carpenter and C A Stuart 

From the Department of Bacteriology, Ehodc Island State College, Kingston, 
and the Biological Laboratories, Biotin Unnersity, Ptoudencc 


Attempts to classify' certain paradysentery'- 
Iike bacteria have indicated a possible anti- 
genic relationship between Shigella dtspar 
and Shigella paradysentertae, type P143 1 In 
particular, a culture (No 2-193) isolated by 
Major William H Ewung, Sanitary Corps, 
United States Army, has been classified on 
various grounds as Sit paradysentertae, type 
P143~ Sit alkalescens, 3 4 and Sh dtspar 2 * 4 5 
The present investigation was undertaken to 
attempt to clarify the relationship between 
Sh dtspar and type P143 


Four serotypes and several subtypes of 
Sh dtspar were previously reported c Rep- 
resentative strains of these were employed 
Type P143 was secured through the courtesy 


1 Boyd, J s K , / Byg, 1938, 38, 477 

2 EmBir XV H, personal eommuniLihon 

3 Neter/E, Proc Soc Exr Biol -XIed, 

1944,37,200 

4 Js'eter, E , J 1mm , 194o, ol, lol 

5 Carpenter, PL, / Bad , 1944, 4-, 419 


of Dr K M Wheeler of the Connecticut 
Public Health Laboratories as his culture 
No 573 6 Antiserums were prepared by im- 
munizing rabbits with living vaccines of this 
and of the type and subtype strains of Sh 
dtspar 

Cross agglutination tests indicated the ex- 
istence of antigens common to type PI43 and 
Sh dtspar, types I and II This was confirmed 
by reciprocal adsorption of the cross- 
reacting serums, as shown in Table I From 
these data w'ere derived the partial antigenic 
formulae listed m Table II The relationship 
between Sh dtspar, types I and II, and Sh 
paiadyscntenae, type PI 43, is apparent 
While antigens B, C and D are apparently 
minor factors in P143, nevertheless, they ap- 
pear to account for the strong agglutination 
(to titeis of 12S0 or 2560) of types I and II 
in antiserum P143 

Culture 2-193 is biochemically' like Sh 

<* XX heeler, KM, / Imm , 1944, 48, S7 
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tests 12 n These observations support the 
previously advanced h_\ pothesis that PAB A 
inhibits the multiplication of rickeltsiae in- 
side the cells, thereby permitting the im- 
munity mechanisms of the bodj to dispose of 
them 12 The treatment of these rickettsial 
infections with PAB A, therefore, should not 
interfere with the development of immunity 
to them This has been shown to be true 
m guinea pig experiments with Rock} Moun- 
tain spotted fever 11 In order to obtain addi- 
tional data, however, immunity tests were 
carried out in gerbilles which had sumved 
inoculation with scrub typhus with the aid of 
PABA therapy The purpose of this report 
is to give the results of these tests 
Immunity Tests Si\ to 9 months after the 
PABA therapy experiments were concluded 
there were 69 treated gerbilles available for 
immunity tests Of these, 24 were from the 
Cevlon strain experiments, 4 from the Cal- 
cutta, 32 from the Karp and 9 from the 
Imphal strain experiment The gerbilles had 
gained weight and appeared healthy at the 
time of testing for immunity to their re- 
spective homologous strains 

The test mocula consisted of peritoneal 
washings from one or more gerbilles which 
had been infected with the strain desired 
Three cubic centimeters of sterile physiological 
saline solution were used to make the 
peritoneal washings, and, from this, serial 
ten-fold dilutions were made Each gerbille 
was inoculated mtraperitoneally with 1 cc of 
the 10~ 2 dilution of homologous strain 
peritoneal washings Simultaneously, each 
strain inoculum was titrated m normal 
gerbilles m dilutions from ICr 1 through 10~° 
The animals were then observed for 21 days, 
at which time the experiment was arbitrarily 
closed 

There was but one death in the 69 
gerbilles tested, though the animals had re- 
ceived from 2,140 to over 3,600 lethal doses 
of infectious material The single death oc- 
curred in a gerbille of the Karp strain group 
It died on the 11th post-inoculation day and 
autopsy was not at all suggestive of scrub 
typhus The liver and spleen appeared nor- 
mal and there was no pleural effusion Large 
numbers of bacteria were seen m smears of 


the peritoneal exudate 
It appears, then, that these gerbilles which 
had been infected with scrub typhus and sur- 
vived through treatment with PABA de- 
veloped a strong immunity to the homologous 
strain of R onentahs It should be noted, 
however, that Fox and Peterson have found 
that R onentahs persist up to a year or more 
in mice which survived either as a result of 
methvlene blue treatment or as a result of 
infection bv subcutaneous inoculation 14 The 
presence of active organisms in the cells of 
an infected animal might well give rise to 
‘ interference phenomenon so that subsequent 
survival to re-inoculation might not represent 
immunity in the usual sense of the term 
The presence of surviving nckettsiae from 
primary inoculation was not investigated m 
the gerbilles used in these tests However, 
the fact that the gerbilles resisted challenge 
indicates that infection was established on 
primary inoculation in spite of PABA treat- 
ment If immunity developed m these 
gerbilles and is the reason for their survival, 
then, the effect of PABA was to inhibit the 
nckettsiae permitting the mechanisms of im- 
munity to develop Should living R onentahs 
be demonstrated in animals surviving infec- 
tion with the aid of PABA treatment as it 
has been m the case of methylene blue treated 
mice, the conclusion would again be that the 
effect of PABA was rickettsiostatic rather 
than rickettsiocidal 

Cross-immunity Tests Cross-immunity be- 
tween various strains of R onentahs has been 
demonstrated on several occasions The 
literature on this subject has been recently 
reviewed bv Blake, ct al 15 who also investi- 
gated cross-immunity with other strains Ad- 
ditional strains have since been tested by 
other workers 10 However, cross-immunity 
has not been described for the 4 strains 
involved m these PABA studies Therefore, 
upon the completion of the immunity tests 

14 Fox, T and Peterson, O , person il coniinumca 
tion 

is Blake, F G,Maxcv,K F , Stdusk J F , Jr , 
Holds, G il , and Bell, E J , Am J Byg , 1945 , 
41 , 243 

10 Kolds, G il , Arnibrust, C A , Irons, EX, 
md Philip, C B , Am J Byg , 1943, 41, 374 
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Likewise, antiserum 2-193 agglutinated strain 
205 to titer and when adsorbed with 205 
had a residual homologous titer of only 40 
It thus appears that antiserum PI 43 mav 


be rendered more nearly monovalent bv ad- 
sorption with Sh dispar, type I and Ila or 
lie This procedure would prevent confusion 
m classification of cultures such as 2-193 
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Immunity Following Para-Ammobenzoic Acid Therapy in Experimental 
Tsutsugamushi Disease (Scrub Typhus) 

C J D Zarafonetis, J C Snyder, and E S Murray 
(Introduced by S Bavne-Jones ) 

1 tom the Cairo Unit of the United Slates of Amenta Typhus Commission 


Two recent communications 1 2 from this 
laboratory have dealt with the therapeutic 
effectiveness of para-annnobenaoic acid 
(PABA) in the treatment of experimental 
tsutsugamushi disease The beneficial effect 
of PABA and especially that of the sodium 
salt of the acid (NaPAB) was demonstrated 
against the Ceylon, Calcutta, and Karp strains 
of R oucittalts 1 2 and later against an Imphal 
strain ’ The animals used in these experi- 
ments were 2 species of desert rodents, 
Gcrbtllus pyramidum and Gcrbtlhts gcrbillus, 
w hich are abundant m Egypt l * * 4 * * * * The sus- 
ceptibility of gerbilles to these strains of R 
onentalis and the manifestations of the dis- 
ease m them have been detailed elsewhere 3 
Para-aminobenaoic acid has also been shown 
experimentally to have a beneficial therapeutic 
effect on murine 0 ” 9 and epidemic typhus, 7 

l Sill (lor, J C, and Znifonetis, C J D , Proc 
Soc Exp Biol asp Med, 1945, 60, 115 

- Jlun w, E *3 , Z ir ifonehs, C J D , and Sn' 
dei, T C, Proc Soc Exp Biol asp Med, 1945 
60, 80 

i Unpublished obseintioiis of tlic autliois 

•iSnjdir, J C, Zaiafonetis, C J D, and Lin, 
IV T , Proc Soc Exp Biol and Med , 1945, 50, 
110 

s Zai if onetis, C J B , Proc Sot Exp Biol 

vxp Med , 1945, 59, 113 

oSnjder, .1 C, Maier, J , ml Ando sou, C R, 
Beport to Hie Division of Medical Suencca, Xa 

Penal jRese irch Council, Washington, D C, Dc 

comber 20, 1942 _ -r 

-Hamilton, H L , Plot?, H, and Smadtl, J E, 


and on Rocky Mountain spotted fever 1011 
Clinical trial of PABA has demonstrated it 
to be of value m the treatment of louse-borne 
typhus fever 12 There has also been recently 
reported a case of Rocky Mountain spotted 
fever which received PABA with apparent 
benefit n 

Thus, it has been shown by several in- 
vestigators that PABA has an effect on sev- 
eral rickettsial agents The mode of action 
of PABA on these organisms is of great in- 
terest since they are obligate intracellular 
parasites Various studies carried out in de- 
veloping chick embryos indicate that PABA 
is rickettsiostatic rather than rickettsioci- 
dal 7-10 Furthermore, m PABA treated 
Human cases of epidemic typhus fever and 
the case of Rocky Mountain spotted fever 
there was no apparent disturbance of the 
antibody dynamics as judged from findings 
in Wed-Fehx and complement-fixation 

Proc Soc Exp Biol and Med, 1945, 58, 235 
s Grciff, D , Pinkerton, H, and Mor agues, V, 

J Exp 3[ed , 1944, SO, 5 til 

9 Greiff, D , and Pinkerton, II , J Exp Med , 
1945, 82, 193 

10 Hamilton, H L , Proc Soc Exp Biol ix t d 
Med , 1945, 50, 220 

H Amgstem, L, and Bader, M X, Science, 
1945, 101, 591 

i-“ Yeomans, A, Snyder, J C, Murray, E S, 
Zarafonetis, C J D , Eeke, K S , J A it J , 
1944, 126, 349 

11 Rose, H M, Duane, 15 B, and Fisciid, E E, 

J A 31 A, 1945, 129, 11G0 



Induced Antigens of Salmonella 


243 


or artificial forms W hether these are minor 
components of the flagellar complex brought 
into prominence or artifacts produced by ac- 
tion of the serum has been the subject of 
some discussion Hitherto, such forms have 
not been recognized in nature, although 
Eriksson and Malmstrom 7 found agglutinins 
for an induced phase of 5 ncwport in the 
serum of a patient infected with that type 
The present note records the occurrence m 
nature of antigens apparently identical with 
those obtained by cultivation of Salmonella 
m agglutinating serum 

Since April, 1945, 14 cultures received from 
Connecticut, Mar} land, Florida, Illinois, Cali- 
fornia and Uruguay, were apparently mono- 
phasic variants of S imnncsota, which had 
the formula XXI, XXVI b Phase 2 
(e.n \, ) could not be demonstrated When 

stabbed into semi-solid agar containing b 
serum, the cultures were either confined to 
the site of inoculation or produced one or 
2 small bulbs of spreading growth which 
yielded a form flocculated no longer by serums 
for the known H antigens of the genus but 
bj serums for certain induced antigens By 
continued transfer in b serum, such forms 
were obtained from 13 of the cultures While 
this work was in progress, 2 cultures isolated 
from sewage by Mr A A Hajna were re- 
cened These cultures also had O antigens 
XXI, XXVI and gave H reactions similar 
to those cited above Serums were prepared 
from one of the induced forms of the XXI, 
XXVI b cultures and one of the seivage cul- 
tures Reciprocal agglutination and absorp- 
tion tests indicated that the forms obtained 
b} growth m b serum were identical with 
the cultures from sewage A symbol (z 33 ) 
w'as assigned the H antigens of these forms 
By cultivation of the Z 3 3 form of the XXI, 
XXVI b cultures in z 33 serum, e,n,\, 
phases were obtained from 5 of them One 
reverted to b The 2 sewage cultures (XXI, 
XXVI z 33 ) were cultivated in z 33 serum and 
an e,n,\ phase was obtained from one 
The z 33 and e,n,\ forms are quite resistant 
to change As yet a change from b directly 
to e,n,v has not been accomplished The 

~ Eriksson, E , and Malmstrom, F , Z Hyg , 
1939, 12 1, 629 


changes brought about m the 2 naturally oc- 
curring forms mav be summarized as follows 

XXI, XXVI b 5* XXI, XXVI z„ -> 
XXI, XXVI e,n \ 

XXI, XXVI z 33 -* XXI, XXVI e,n,x 

Smce so little is known concerning 
phylogeny and evolution in the Salmonella, 
it is difficult to interpret these results A 
complex parent containing b, e,n,\ and z 33 
could be postulated for S imnncsota (XXI, 
XXVI b-e,n,\ ) and the XXI, XXVI b 

and XXI, XXVI z 33 forms On the contrary 
it is possible that the XXI, XXVI b cultures 
are loss variants of S imnncsota which give 
rise to XXI, XXVI z 33 forms under certain 
environments The fact that m the progres- 
sion b -* z 33 e,n,\ only z 33 gave rise 

to the e,n,\ phase which would normally 
be expected in these cultures, indicates that 
z 3i is not an artifact or denatured antigen, 
but a minor constituent brought into promi- 
nence Other antigens hitherto observed only 
in cultures exposed to agglutinating serum 
probably also occur in nature These ob- 
servations agree with those of Monteverde 
and Leiguarda s and of Edwards 9 that S 
ballcrup (XXIX[Vi] z u ) can be changed 
to a form resembling S hormaechei (XXIX 
[Vi] z 3 o/3i) They are further supported by 
unpublished results of the winters, who suc- 
ceeded in changing all of 9 cultures of 5 
Simsbury (I, III, XIX Za T ) to forms 
serologically indistinguishable from S senjtcn- 
berg (I, III, XX g,s,t ) It is not yet 
possible to say whether the transformabihty of 
these apparently distinct types means that 
serologically divergent strains of Salmonella 
may arise by processes analogous to induced 
variation or whether these apparently distinct 
types are merely loss variants of complex 
parents In the transformation of 5 salmatis 
(IV, XII d,e,h-d,e,n,z 15 ) to S sandtego (IV, 
XI e,h-e,n,z 15 ) c and m the appearance of 
XXIX l Vi] z 30 and XXIX [Vi] z 3J variants 
of 5 hormaecltei? only loss variation seems 
operative In any event, a re-exammation of 
some of the apparently distinct Salmonella 
types is indicated 

s Monteverde, J J , and Leigutrda, B H, 
X at nre, 1944, 153, 5S9 

9 Edwards, PE , J Sad , m press 
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of the PABA treated gerbilles with their re- 
spective homologous strains of R orient ahs, 
cross-immunity tests were performed with 
heterologous strains Inocula were prepared 
and administered in the same manner as de- 
scribed for the immunity tests Simultaneous 
titrations of the infectious material were made 
in normal gerbilles with dilutions of KP 1 
through 10 -8 The test period of 21 days 
remained the same 

Of the 24 gerbilles immune to the Ceylon 
strain, 9 were tested with the Karp strain, 
8 with the Calcutta, and 7 with the Imphal 
strain One death occurred in the group 
challenged with the Calcutta strain, 15 days 
after the inoculation This gerbille showed 
evidence of marked weight loss, but the au- 
topsj was otherwise negative No nckettsiae 
were seen m peritoneal smears 

Three gerbilles immune to the Calcutta 
strain were challenged with Karp strain 
inoculum and survived 

The 30 Karp-immune gerbilles were di- 
vided into 3 groups 9 were inoculated wuth 
the Cejlon strain, 10 with the Calcutta 
strain, and 11 with Imphal strain infectious 
material There were no deaths among these 
gerbilles 

The 9 gerbilles immune to the Imphal 
strain were divided into 3 groups of 3 which 


were tested with the Ceylon, Calcutta and 
Karp strains, respectively All of the gerbilles 
survived 

The gerbilles which were tested with the 
Karp strain received 316,000 lethal doses, 
those tested wuth the Calcutta strain received 
31,600 lethal doses, wdnle those receiving 
Ceylon and Imphal infectious material sur- 
vived 2,140 and 3,160 lethal doses, respective- 
ly Thus, it is apparent that a solid im- 
munity against heterologous strains of R 
oi tent ahs was present in these gerbilles It 
is possible, of course, “interference phenom- 
enon” may have exerted an effect of unde- 
termined degree in these tests 

Summary Gerbilles which w r ere infected 
with tsutsugamushi disease and survived 
through treatment with PABA were tested 6 
to 9 months later and found to be immune 
to homologous strains of R onentalis This 
is interpreted as evidence that the mode of 
action of para-ammobenzoic acid m scrub 
typhus is nckettsiostatic 

Cross-immunity tests revealed that these 
gerbilles were also immune to heterologous 
strains of R onentalis 

The technical assistance of CpI Geoige Tasker 
and Sgt Robert Stearinan is gratefully acLnowl 
edged 
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Natui al Occui rence of an “Induced” Antigen m Salmonella Cultures 
P R Edwards and Alice B Moran 

From the Department of Animal Pathology, Kentucky Agricultural Experiment Station, 

Lexington, Ky 


It is known 1-0 that H antigens of Salmonella 
can be markedly changed by cultivating the 
•organisms in serum containing agglutinins for 
the flagellar components Excepting S 
abottus-eqm 4 and S paratyphi A? all antigens 


* The investigation reported m this paper is 
in connection with a project of the Kentnckj 
Agricultural Experiment Station and is published 

bv permission of the Director 

iKauffmann, F , 2 Byg , 1936, 110, 104 
2 Gnosspelius, A, 2 Byg , 1939, 1 - 1 , 5-9 


so obtained have had little or no relationship 
to naturally occurring H antigens of the 
genus, and have been referred to as induced 

s Kauffmann, F, and Tesdal, M, Z Byg, 1037, 
120, 168 

i Edwards, P B, and Bruner, D TV, J Bad, 
1939, 38, 63 

o Bruner, D TV, and Edwards, P K , <7 Dad, 

1941, 42, 467 

o Edwards, P B, and Bruner, D TV, J Dad, 

1942, 44, 289 
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TABLE II 

Production of St ipli' loioccil Enterotoxm nid Alpli i Ilcmohsm in Clienncallv Defined Mcdn 


Staplivloioieil enterotoxm 
Monhev feeding test Intmenous cat test 





X 

f 


A 

Alpln 


Dosage 



Dos lge 



hemolvsm 

Medium 

(ml per 

Reaction 

(ml per tg 

Reaction 

MHD 

Basic* Modification 

montei ) 

pos 

neg 

bod' ut) 

pos 

neg 

per ml 

No I 

SO 

0 

5 

1010 

10 

3 

4 1G 

-i- proline M/G^O 

SO 

0 

4 

10 

ft 

0 

G4 12S 

+ ” M/ISO 

SO 

G 

3 

10 

c 

3 

32 G4 

4- ” M/2S0 








— aspartic acid 








glutamic ” 

50 

1 

0 




410 

histidine 








No 2 

40 100 

o 

O 

20 

i 

0 

32 

4- prohne M/GOO 

30 

0 

o 

20 

0 

A 

1G 32 

glutamic acul 








M/ISO 

40 100 

1 

o 

20 

O 

1 

64 

4~ liTdroxvproliiie 








M/ISO 

40 100 

1 

3 

2 0 

■> 

1 

1G 32 

No 3 

33 100 

0 

3 

2 0 

0 

4 

<4 

4- (NH 4 )_,S0 4 M/230 

30 100 

0 

3 

20 

1 

3 

4 10 

4- glxcme M/10S 

40 100 

0 

3 

20 3 0 

3 

1 

S 

* Numbers correspond to Tabic I 








were read after incubation for one hour at 
37 = C followed by one hour in an ice water 
bath 

Results of tests for enterotoxm and alpha- 
lvsm are shown m Table II Alpha hemolysin 
production and \omitmg reactions m cats 
were obtained with cultures grown m all 
media except Medium Xo 3 In the latter 
medium negatne results mat be correlated 
with nitrogen depletion, since addition of 
(NH 4 ) 2 S0 4 or glycine increased growth 
hemoly sm titers and enterotoxic reactions 
Four cats failed to react to centrifugates of 
the nonentero toxic strain grown m Medium 
Xo 1 Monkeys reacted irregularly to 
centrifugates of cultures grown in the more 


complex media The positite tests are sig- 
nificant since they demonstrate toxicity fol- 
lowing feeding Beta-h’sm was detected in 
centrifugates of beta-positi\’e strains m titers 
ranging from 8 to 256 MHD (for sheep 
r b c ) per ml 

In general growth and hemolysin produc- 
tion decreased with simplification of the media 
Qualitative tests suggest a similar decrease m 
enterotoxm production 

Summary Production of staphylococcal 
enterotoxm m chemically defined media is 
reported These experiments have not dem- 
onstrated specific requirements for enterotoxm 
production 
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Production of Staphylococcal Enterotoxin in Chemically Defined Media * 

Michael J Svroalla and K Eileen Hite (Introduced by S A. Koser ) 

Ftom the Department of Bacteriology and Paiasitology, The Univeisity of Chicago 


Production of staphylococcal enterotoxin in 
synthetic media has not been previously re- 
ported, although Favorite and Harnmon 1 and 
Harnmon- used successfully a casein hy- 
drolysate medium The present is a report 
of enterotoxin production in synthetic media 
modified from those used by Gladstone 5 in 
studies of the hemolysins 

Four enterotoxigenic strains (Nos 8, 147, 
161 and 196) and one non-enterotoxic strain 
(No 184) of staphylococci were used in these 
experiments All strains are alpha-hemolytic 
and strains No 184 and 196 produce potent 
beta lysin 

The compositions of 3 basic media used in 
these experiments are given in Table I Media 
were adjusted to pH 7 6, dispensed into nurs- 
ing bottles or flasks and sterilized in the 


autoclave Inoculations were made with 0 1 
ml of a 1 1000 dilution (m phosphate buffer) 
of culture in synthetic medium 
Cultures were grown at 37°C m an atmos- 
phere of 20% CCL During incubation they 
were rotated continuously on a vertical wheel 
Centrifugates of 3 to 7 day cultures were 
tested for enterotoxin and hemolysins 
Enterotoxin was assayed by the monkey 
(Macacca mulatto.) feeding and intravenous 
cat tests 1 3 Untreated centrifugates were fed 
to monkeys, preparations heated for 30-35 
minutes in a boiling water bath were injected 
into cats Vomiting was used to indicate a 
positive reaction Alpha-hemolysin titers are 
expressed m terms of the M H D (minimal 
hemolytic dose) of toxin 0 Beta-lysm tests 
were made against sheep erythrocytes and 


TABLE I 

Composition of Basie Media 


Amino acids 


Concentntjon Medium 1 


Medium 2 


Medium 3 


l (-|-) arginine HC1 
l cj stme 
dl al mine 
gljcmc 

dl phenj 1'ilamne 
dl i aline 
l aspartic acid 
d glutamic acid 
l histidine 2 HOI 
l hydrmeyprohne 
l leucine 
d 1} sme 2HCI 
dl methionine 
l tryptophane 
l tj rosme 


M/110 

+ 

+ 

M/10,000 

+ 

+ 

M/1500 

+ 

+ 

M/19S 

+ 

+ 

M/4000 

+ 

+ 

M/1500 

+ 

+ 

M/1500 

+ 


M/1500 

+ 


M/4000 

+ 


M/1500 

+ 


M/1500 

+ 


M/4000 

+ 


M/4000 

+ 


M/20,000 

+ 


M/4000 

+ 



+ 

+ 


The media also contained M/0000 MgSOj , M/20,000 FcSOj {NH 4 ) 2 SO^ OHgO . 

M/30 KHaPOi, M/37 NaOH, M/SO glucose, 123 ftg/ml nicotinic acid, 0 0337 ug/ml 
" tluanune HC1, 10 ^g/ml calcium pantothenate (omitted from Media No 1 and No 2 in 
L-- earlj tests) - 


^Tlnr;^r^^,po^ b, a grant from the 
National Canners Association 

i Favorite, G O, and Harnmon, W MeD , 

J e nalmo^W ^McB , Am J P«hhc Health, 

F, Bn, 1 M »». I »»«. 


19, 208 

iDanson, E, Dack, G M, and Can, W E, 
J Infect Dis, 1938, 02, 219 

5 Dack G M, 1943, Food Poisoning, Unncrsita 
of Chicago Press, Chicago 

o Dolman, C E , and Kitclnng, J S , J Path 
and Pact , 1935, 41, 137 
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1 Chicken N 3447 Bone tumor Hematoxylin Eosin Mag X 145 
b Clncken Is 3449 Bone tumor Hematoxylin Eosin Mag X 135 
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Bone Tumors in Fowls Injected Intravenously with Causative Agent of 

Rous Sarcoma 

M PlHOVSKI AND L DOLJANSKI 

From the Department of Expel mental Pathology, The II chi cm Unnci <nty, 

(Cancer Laboratories) Jerusalem, Palestine 


It is well known that intravenous injections 
of the causative agent of filterable fowl 
sarcoma into fowls never produce widespread 
sarcomatosis and, in the absence of a primary 
tumor, seldom cause solitary sarcomas m the 
visceral organs 1-7 The agent introduced into 
the blood stream rapidly disappears from the 
circulation, probably being taken up by the 
cells of the reticulo-endothehal system 8 There 
is general belief that the sarcoma producing 
agent injected into the circulation initiates 
a new growth only at points of vascular in- 
jury, t e w'here the agent comes into contact 
with the connective tissue cells This can 
take place in the ovary as a sequence of fre- 
quent injuries to the vessels occurring in this 
organ during the process of ovulation 1 Ex- 
perimentally the agent can be localized by 
thermo-cauterisation of the skm, 3 by injec- 
tions of histamine,® by puncture of the vessel, 2 
by inducing the development of reaction tis- 
sue, 4 etc 

We wish to report m the following our ex- 
periments on intravenous injections of the 
causative agent of Rous sarcoma into chicks, 
the results of which deviate considerably 
from previous observations 

In the present study we used White Leg- 
horn chicks of both sexes from the same farm 

IRous, P, Murphy, J B, md Tytlcr, W H, 

J A U A, 1912, 38, 1751 

2 Pentimaih, P , Z f Krehsforsch, 1924, 22, 74 

3 Findlay, G M , J Path and Pact , 1928, 31, 
633 

4 Mackenzie, R D , and Sturm, E , J Exp Med , 
1928, 47, 345 

0 Cramer, W , Ninth Scientific Deport, Imperial 
Cancer Research Fund, London, 1930, 21 

o Doeir, R, Bley or, L, and Schmidt G W, 

Z f Krehsforsch, 1932, 30, 256 

' Sittenficld, M J, Johnson, B, and Joblmg, 

J W Am J Cancer, 1932, 1C, 345 

8 Mellmby, E , J Path and Pact , 1938, 47, 47 


As a source of the causative agent cultures 
of filterable fowl sarcoma (strain Rous- 
Fischer) wore employed This tumor has been 
maintained in this laboratory for the past 10 
years by serial passages in vitro The follow- 
ing design of experiment was adopted frag- 
ments of a Rous cell colony were planted 
into a Carrel flask containing chicken plasma 
diluted with Tyrode solution in the propor- 
tions of 1 2 After cultivation for 1-3 
w r eeks the flasks were overlaid with Tyrode 
solution and placed m the incubator for 30 
minutes, the supernatant fluid was pipetted 
off and centrifuged 3 times at 3000 rpm 
for 15 minutes each time 

Twelve chicks, aged 4 to 10 weeks, m 4 
experimental groups were injected with 1 ml 
of this fluid into the wung vein, 2 or 3 
injections being given at weekly intervals to 
each chick The fow’ls succumbed in 21 to 
42 days after the initial injection Necropsy 
showed new growths in the liver, lungs, heart 
and kidneys in 9 of the 12 chicks The 
tumors in the viscera were always associated 
with a tumor at the site of the inoculation 

The outstanding feature observed in all 
chicks W’as the following 11 of 12 chicks 
injected with sarcoma agent displayed most 
extensive neoplastic bone changes, involving 
one or several bones (sternum, femur, tibia, 
tarso-metatarsus, radius, ulna, humerus) 
Histologically, the tumors were found to be 
typical osteoid sarcoma destroying the bone 
and invading the nearby muscles 
The appearance of a general bone neoplasia 
in a senes of animals injected intravenously 
with Rous agent is noteworthy This be- 
haviour of Rous agent injected into the blood 
stream has never been described and m the 
10 years during which we have worked with 
our strain m this laboratory this is the first 
time that bone tumors appeared either after 
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Fig 1 

Tcmpenturos of S rabbits given daily injections of same dose of Uphold vaccine 
After deielopment of tolerance, reticulo endothelial blockade with Thoiotrast caused 
a marked alter ition in their temperature responses 


the same amount of fever, t c , a rise of 1 5- 
2 5°F, with return to the starting tempera- 
ture in 3 to 5 hours Four animals received 
dailj injections for the full period of 45 days 
After the usual decline in response during 
the first week these continued to respond to 
each dose of pyrogen with low grade fevers 
of about the same extent 
In other experiments longer intervals were 
allowed to elapse between injections of x r ac- 
cine Four rabbits which were injected once 
a week for 4 months developed some, but 


not a very considerable, tolerance Another 
group of 4 rabbits received vaccine twice a 
week A gradual decline m febrile response 
occurred during the first 8 to 10 injections, 
after which they reacted to each dose with 
about the same degree of fever intermediate 
between an initial reaction and the minimal 
reaction noted m animals injected daily At 
the end of 4 months the interval was shortened 
to one day, and they all showed a definite 
further diminution in their febrile responses 
Reticulo-endothehal blockade produced a 
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intramuscular or intravenous injections The 
cause of this unusual effect of the intravenous 
inoculation of Rous agent m the experiments 
reported is entirely obscure We do not know 
whether it is to be sought in the particular 
manner of applying the agent (repeated intra- 
venous injections) or whether we are dealing 
with a real modification of the agent, which 
took place spontaneously or resulted from 
long passage m vitro All these possibilities 
deserve consideration 

During the preparation of this note a paper 
of Shrigley, Greene and Duran-Reynolds” ap- 

'•Shnglcj, E TV, Giceue, II 8 AV and Bunn 
Be' mis F, Cancel Research, 1045, 5, 35G 


peared The authors observed that the Rous 
sarcoma agent after remaining m the an- 
terior chamber of the eye of the guinea pig 
acquired the ability to produce periosteal 
tumors m chicks To judge by the descrip- 
tion and the photomicrograph of these growths, 
they are very similar to those here reported 
The acquisition of a new tissue affinity was 
ascribed to modification of the agent caused 
by its sojourn m an unnatural environment 

Summary The appearance of an osteoid 
sarcoma m a series of chickens injected in- 
travenously with the causative agent of Rous 
sarcoma derived from sarcoma cell cultures, 
is reported 


15291 P 

Development of Tolerance to Typhoid Bacterial Pyrogen and its Abolition 
by Reticulo-Endothelial Blockade * 

Paui B Beeson 

From the Department of Muhcinc Emory Dnneisity School of Mediant, Atlanta, Georgia 


Patients who are being given fever therapy 
by means of intravenous injections of typhoid 
vaccine exhibit a decreasing reactivity, and 
must be given larger and larger doses of the 
vaccine m order to develop similar fevers at 
successive treatments After several injections 
some individuals may require doses as large 
as 230 ml of typhoid vaccine in a single dav 1 
The mechanism of this remarkable tolerance 
has not been explained The present report 
deals with a study of the phenomenon m 


rabbits 

The rabbits used were males, of mixed 
breed, weighing 2 to 3 kg During test 
periods they were placed in wooden stalls, 
and held by head boards Rectal tempera- 
tures were taken at 30-mmute intervals, 
through openings m the floors of the stalls 
Observations were never continued for more 
than 7 hours after giving vaccine, to prevent 


Aided by x glint fto« the Veneieil Disease 
of the United States PuU it Health 


Du lSion 


Ser\ ice 

1 He' man, A, 


Ten Dis Inform , SC, ol 


undue fatigue of the animals The vaccine 
used contained approximately one billion 
killed E typhosa per ml 1 The dose was 
1 ml of a 1 8 dilution m physiologic salt 
solution The agent used for blockade of 
the reticulo-endothehal system was colloidal 
thorium dioxide (Thorotrast-Heyden Co), 
9 ml was injected intravenously 

The febrile responses to daily injections of 
the same dose of vaccine were recorded on 
40 rabbits during periods of from S to 45 
days The first injection of vaccine always 
caused a rise in body temperature of 4-5°F, 
and some fever persisted throughout the 
7-hour period of observation The 2nd and 
3rd injections generally caused almost as much 
fever as the first, but after that there was 
a decrease m reaction until the 6th to 10th 
day Additional injections caused no further 
diminution, each one inducing approximately 

t Tins vaccine "as pitpued in the 1 ihur itories 
of tin, Georgia Stitc Dcpirtmmt of Publu He kith 
It is ordinanh used for human immunization and 
feier theiap' 
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TABLE I 


Average Blood U*ea Levels Following Inlr ipcntone il Imtctions of Ptmujlm 


Penicillin 

Oxford units per hg 
Time if ter penicillin 

Xo of rats 



Blood urea 
mg per 100 cc 


Obr 

Obr 

7 hr 

llbr 

30 hr 

0 

10 

37 

34 

JO 

30 

37 

30 non* 

G 

34 

32 

JO 

£>$ 

30 

100 ornif 

G 

41 

31 

31 

31 

40 

230 000 i 

G 

3S 

31 

— 

32 

OS 

300 O00r 

s 

39 

30 

41 

49 

40 


* Q mgle miechon. 

f Divided into 5 eqml doses Two liours apart 


ill for several days nificant eftect on the blood urea level even 

Summarv The mtrapentoneal injection of when doses as high as 500 000 Oxford units 
penicillin into adult albino rats had no sig- were administered per hg of body weight 
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Nervous System Mechanism for Epinephrine becrenun 


J M Rogoff, Phieip Wasserwan, and E Xoi.v Xinon 

Frori the Laboratoru of Experimental Endorrmolooi/ * School of Meehan* 
Vnncrxitu of Pittsbur/jh 


The rate of liberation of epinephrine from 
the adrenal glands under ordinary experi- 
mental conditions, has been determined as an 
average of about 0 00025 mg per hg of body 
weight per minute, m cats and dogs 1 In 
the absence of experimentally induced altera- 
tion of the rate of secretion the range of 
physiological epinephrine output was found 
to be approximately 0 0001 to 0 001 mg per 
hg per minute 

This spontaneous, constant secretion of 
epinephrine is sustained through the uiflu- 

* Supported bv the G N" Stewart Memorial 
Fund aided bv grants from tbc Benziehausen and 
the Sarab Mellon Staife Foundations 

A preliminary note was published in the Proc 
Am Physiol Soc , 1931 The study was inter 
rupted when the Department of Experimental 
Medicine, at Western Beserve Emversitv, was dis 
continued Some of the experiments were per- 
formed at the Emversitv of Chicago The in 
vestigation was resumed and continued m this 
laboratory 

i Stewart, G X and BogoC, J M , a J Pharm 
and Exp The.rap , 191G, 8, 479, b Am J Physiol, 
1923, 06 235 


ence of a centre or centres located in the 
upper portion of the thoracic division of the 
spinal cord and can be considered as the nor- 
mal, physiological secretion Transection of 
the cord between the last cervical and the 
fourth dorsal segments abolishes epinephrine 
secretion from the adrenals This centre is 
bilateral semisection of the spinal cord, in 
this region, results in suppression of epine- 
phrine secretion from the ipsdateral adrenal 
without detectable influence upon the secre- 
tion from the contralateral gland - 

Incidental observations made in the course 
of some other mv estimations suggested the 
probability of the existence of an inhibitory' 
centre for epinephrine secretion located m 
the brain For example the large increase 
m epinephrine output which is induced by 
the action of strychnine usually is preceded 
by a preliminary decline in the rate of secre- 
tion it a minimal effective dose of the drug 
is injected intravenously, or a larger dose 

2 Stewart G X and BogoS, J M2 a J Exper 
Med 1917 26, 613, b Am J Phvsiol , 1920 31 

JC4 “ 3 
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Penicillin and Blood Urea 


striking effect on the temperature responses 
of rabbits that had been previously “trained” 
by repeated daily injections of vaccine A 
typical result is illustrated m Fig 1 Here 
it mil be noted that a considerable modifica- 
tion in response was manifest by the 7th 
day Each animal was then given Thorotrast 
On the following day administration of ty- 
phoid vaccine caused high, prolonged tem- 
perature elevations After a rest of one day 
their febrile responses to the vaccine were 
again considerably lessened This brief effect 
of the blocking agent is m line with other 
experience on functional interference with the 
reticulo-endothelial system - 

- Jaffe, E H , Physiol Dev , 1931, II, 277 


These experiments show that rabbits can 
develop a tolerance to typhoid bacterial 
pyrogen, and that the tolerance is most 
marked when injections are given frequently 
The mechanism of development of this state 
is not yet explained Certain other observa- 
tions, which cannot be given m detail here, 
indicate that the production of specific 
humoral antibodies is not responsible, and 
furthermore, that the development of toler- 
ance to typhoid vaccine carries with it a 
similar alteration in response to other bac- 
terial pyrogens Possibly the process involves 
a change in the functional activity of the 
reticulo-endothelial system, providing for more 
rapid disposal of the foreign material 
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Effect of Penicillin on Blood Urea in the Rat 

Jack Ralph Leonards and Florence Williams 
(Introduced by Victor C Myers ) 

Fiorn the Department of Biochemistry, School of Medicine, Western Deserve Umicrsity, 

Cleveland 


Early in 1943 the Floreys 1 reported that 
4 out of 5 patients treated with 120,000 or 
more Oxford units of penicillin manifested a 
rise in blood urea The elevated values 
returned rapidly to normal when the drug 
was withdrawn Although no explanation 
was advanced for this phenomenon it was 
not thought to be due to renal damage 

The present study demonstrates that 
penicillin has no significant effect on the blood 
urea level of normal rats even though ex- 
ceedingly large amounts of the drug are ad- 
ministered 

The penicillin employed was a rather im- 
pure preparation assaying 300 Oxford units 
per mg of total solids t Normal adult albino 
rats of both sexes were used and the penicillin 

l Florey, 31 E , and Florey, H W , Lancet, 1943, 
1, 387 

* Kindly supplied by Ben Venue Laboratories, 
Inc , Bedford, Ohio 


w’as injected mtraperitoneally in a solution 
containing 25,0 00 Oxford units per ml Sam- 
ples of blood (01 or 0 2 ml) for urea de- 
terminations were obtained from the tail vein 
directly into a pipette and the urea was 
analyzed fay the colorimetric method described 
by Ormsby - 

The results are presented m Table I It 
is immediately evident that no significant 
increase in blood urea results even after the 
administration of 500,000 Oxfdrd units per 
kg of body weight This dosage represents 
the largest amount of our preparation of 
penicillin that could be tolerated by the rat 
without any apparent toxic manifestations 
It should be emphasized that this is a tre- 
mendously large dose When a group of rats 
W’ere given 1,000,000 Oxford units of penicil- 
lin per kg of body weight over a period of 
10 hours, 4 of the 6 rats died on the same 
day and the 2 surviving animals were severely 

2 Ormsby, A A , J Biol Chem , 1042, 140, 59 5 
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Nervous Mechanism for Epinephrine Secretion 


subcutaneously Intravenous administration 
of the larger doses generally causes only the 
augmentation of epinephrine output 3 This 
suggests a possible activity of an inhibitory 
mechanism during the phase of cerebral stim- 
ulation by strychnine Such an inhibitory 
influence upon epinephrine secretion would 
be submerged by the more poiverful action of 
the opposing spinal cord centre, when the 
predominant influence of strychnine on the 
cord is effected 

Other observations likewise indicated the 
possibility that an inhibitory centre, which 
influences epinephrine secretion, exists m the 
bram For example, when experimental ani- 
mals w'ere rendered insensitive to pain by 
compression or destruction of the brain, after 
preliminary anesthesia, the epinephrine out- 
put from the adrenal glands was found to be 
within but near or at the maximum of the 
range of spontaneous liberation 2a 8 Further- 
more, the same observation was made when 
the rate of liberation of epinephrine was de- 
termined m animals wuth cerebral anemia 
induced by occlusion of the blood supply to 
the bram 4 

In the present series of experiments, the 
rate of epinephrine secretion from the adrenal 
glands was determined before and after tran- 
section at various levels of the brain Decere- 


The rate of secretion of epinephrine was 
assayed by the method of Stewart and Rogoff 
Adrenal blood specimens were collected via 
the “cava pocket,” before and after transec- 
tion of the brain The amount of blood ob- 
tained and the duration of the collection were 
measured, thus determining the rate of blood 
flow from the adrenals The concentration 
of epinephrine in the blood specimens was 
assayed by the quantitative inhibition of rab- 
bits’ intestine segments From this informa- 
tion, the rate of epinephrine secretion was 
readily calculated In a few of the experi- 
ments, assay of the adrenal blood specimens 
was confirmed employing the “sensitized eye” 
method 0 

Table I illustrates the decided increase in 
the rate of liberation of epinephrine which 
follows transection of the bram between the 
superior colliculus and the optic chiasm (cats 
1-16, inclusive) In 12 of the animals the 
epinephrine output rose to or near the maxi- 
mum of the normal range of spontaneous 
liberation In cats 1 and 15, the output 
did not approach the upper limit of the 
range, although there was an increase of 2 
and 3 times the initial rate of epinephrine 
secretion 

In one cat (8) there was, if anything, 
a slight reduction in the output The adrenal 


bration xvas performed with the special knife 
described by Karrer and Stevens 3 All of 
the experiments were performed on cats The 
animals were anesthetized with urethane ad- 
ministered by stomach tube The results 
obtained are illustrated m Table I and 
Fig 3 

The level of decerebration w’as verified at 
the end of each experiment, by post-mortem 
examination In Experiments 1-16, inclusive. 


transection of the bram was at levels bounded 
by the superior colliculus and the optic chiasm 
In the others, decerebration was at various 
levels anterior to this In 6 of the 28 animals, 
a small area of cortex escaped section (No 


7, 17, 18, 20, 24, 26) 


and Exp Therap,19 19, 13, 9o 

4 Rogoff, J M, Ain 3 Physiol 19 4 6. 0 51 
5 Karrer, E, and Stevens, H 0,3 Lab Chn 


Med, 1928, 266 


blood flow’, following decerebration, was very 
low in cats 4, 8 and 15 Brain transection 
was associated noth excessive hemorrhage in 
these animals However, experimental shock 
due to loss of systemic blood was not found 
to alter the epinephrine output from the 
adrenal glands 7 

The 12 experiments m which transection 
of the bram was performed through or an- 
terior to the optic chiasm showed no significant 
alteration of the rate of liberation of 
epinephrine from the adrenals, except in 
cat 24 In this animal, a reduction to about 
one-fourth of the initial epinephrine output 
was found, although the blood flow from the 
adrenals xvas good 4, reduction m output 
to about one-half was found in cat 17 but 

c Rogoff, T M , Pkoc Soc Exp Biol axd Med , 
1937, J6, 441 

7 Sttnart, G N, ind Rogoff, J M, Am J 
Physiol 1919, 48, 22 
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Nervous Mechanism for Epinephrine Secretion 



Fig i 

At the ime\en numbeis Ringer’s solution ms displiced bj uidiffeient blood 
and tins it 2 In adicml blood specimen A, at 4, 38 and 42 bi ndieinl blood 
specimen B, at 10 In indifferent blood to which « added adrenalin to make 
a concentration of 1 7,000,000, at 40 a concent! ntion of 1 1,450 000, and at 44 
fi concentration of 1 2,850 000 V nos assned at 1 0,400,000, and B at 
1 2,100,000 Time in half minutes Reduced to tuo thuds 


in this case, as in cats 4, S and 15 the 
adrenal blood flow was very slow The ques- 
tion may be raised, m these cases, whether 
trauma of the brain, in a region near the 
inhibitory centre for epinephrine secretion 
might not result tn stimulation of that centre 
and consequent reduction of epinephrine out- 
put from the adrenal glands 

In 2 experiments (cats 3 and 5), m which 
the decerebration was between the superior 
colliculus and the optic chiasm, and in one 
(cat 19), m which the decerebration was 
anterior to this region, additional adrenal 
blood specimens were obtained for assay In 
cat 3, a specimen obtained 25 minutes after 
decerebration, when the adrenal blood flow 
was 115 g per minute, was assayed at 
1 450.000 adrenalin, corresponding to an out- 
put of 00025 mg per minute for the cat or 

0 00086 mg per kg per minute In cat 5, 
a specimen obtained 18 minutes after decere- 
bration, when the adrenal blood flow was 

1 02 g per minute, was assayed at 1 750,000 
adrenalin, corresponding to an output of 


0 0 0136 mg per minute for the cat or 000048 
mg per kg per minute In the case of tran- 
section of the brain through the optic chiasm 
(cat 19), a specimen obtained 35 minutes 
after decercbration, when the adrenal blood 
flow was 14 g per minute showed the same 
epinephrine output from the adrenals as be- 
fore and 7 minutes after the decerebration 
To illustrate the results obtained, condensed 
protocols and some of the tracings (Fig 1, 2) 
from the assay in 2 of the experiments are 
given (cats 1 and 13) In these animals the 
transection of the brain was between the su- 
perior colliculi and the optic chiasm Cat 1 
was a pregnant female and cat 13 a male 
These animals were selected for illustration 
because the results are unequivocal The 
rate of blood flow from the adrenal glands 
did not change after decerebration, neverthe- 
less, the epinephrine concentration m the 
adrenal blood specimens obtained after the 
decerebration (B) was decidedly greater than 
that in the initial specimens (A) 

Condensed protocol Cat 1 pregnant fe- 
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Fig 2 

At the unoicn numbers Ringer ’s solution ms displaced bi indifferent blood 
and tins it 2 ind 34 by adrenal blood specimen A, it 4 md 30 by adrenal blood 
specimen B, it 2S by indifferent blood to winch ms added idremhn to make a 
concentration of 1 0,230,000, and at 3S a eoiieentr ltion of 1 700 000 A ms assayed 
at 1 4,730 000 md 13 it 1 1 100,000 Tune m half minutes Reduced to three 
fifths 


male, weight 3 0 kg 
a m 

8 45, Urethane (20 cc of 20% sol ) by 
stomach tube 

10 45, Anesthesia complete 

11 22, Collected adrenal blood specimen A 

58 g m 2Yz nun , blood flow, 2 32 g 
per minute 

11 40, Inserted tracheal cannula and tre- 
phined skull 
11 42 , Decerebration 

11 52, Collected adrenal blood specimen B, 
5 78 g in iy 2 mm , blood flow, 2 31 g 
per minute 

Complete transection of the brain, just 
anterior to the superior colliculi, verified by 
post mortem examination 

Specimen A assayed at 1 6,400,000 
adrenalin, corresponding to an output of 
0 00033 mg per minute for the cat or 0 0001 1 
mg per kg body weight per minute Speci- 


men B, assayed at 1 2,100,000 adrenalin, cor- 
responding to an output of 0 0011 mg pier 
minute for the cat or 0 00037 mg per kg 
body weight per minute (Fig 1) 

Condensed protocol Cat 13, male, weight , 
2 8 kg 
a m 

9 30 Urethane (25 cc of 20% sol ) by 
stomach tube 

10 30 Anesthesia complete 

10 55 Collected adrenal blood specimen A, 

8 4 g in 2 mm blood flow, 4 2 g 
per minute 

11 12, Inserted tracheal cannula and tre- 

phined skull 
11 IS Decerebration 

11 23 Collected adrenal blood specimen B, 

9 0 g in 2 mm blood flow, 4 5 g per 
minute 

Complete transection of the bram, about % 
inch anterior to the superior colliculi, y erified 
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table ir 


St itistical Summon of Epmeplnint Output 


Cats 

Decere 

bration 

Me in 

pgAg/mm 

Squuicd 

standout 

donation 

Probable 
enoi of 
mean 

It itio of std erioi of 
diff to difT of me ins 


t 

Ohscn cd 

Sigmfie int 

r 

Obsened 

Significant 

1 1G 

bcfoi e 

0 2% 

0 110 

0 021 





1 1G 

ifter 

0 818 

0 411 

0 07G 

7 02 

30 

4 730 

2131 

17 2S 

befoie 

0 330 

0 009 

0 013 





17 28 

iftei 

0 335 

0 144 

0 028 

0 031 

3 0 

0 801 

2 201 

1 1G 

before 

0 20 0 

0140 

0 025 





17 28 

befoie 

0 818 

0 060 

0 013 

1 120 

3 0 

0 030 

2 201 


bj r post mortem examination 

Specimen A, assayed at 1 4,750,000 
adrenalin, corresponding to an output of 
0 00088 mg per minute for the cat or 0 00031 
mg per kg body weight per minute Specimen 
B, assayed at 1 1,100,000 adrenalin, cor- 
responding to an output of 0 0041 mg per 


minute for the cat or 0 00146 mg per kg bodv 
weight per minute (Fig 2) 

Although the results are sufficiently definite 
to support our conclusions, they are presented 
in the following statistical summary (Table 
II) for which we are greatly indebted to 
Dr Paul L McLain of the Department of 


distribution of rates 
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Phvsiologj The distribution of the rates 
of epinephrine output is illustrated in Fig 3 

Summary These experiments indicate the 
existence of an inhibitor} central mechanism, 
located m the region of the brain bounded by 
the superior colliculi and the optic chiasm, 
which influences epinephrine secretion from 
the adrenal glands The existence of a cen- 
tral mechanism in the spinal cord, which ex- 
ercises an opposite influence to that of this 
cerebral centre, was established earlier 2 Re- 
moval of the influence of the brain centre, 
results m epinephrine output from the 
adrenals at the maximum rate of spontaneous 
liberation which can be sustained through the 
physiological activity of the spinal cord 
centre This rate corresponds with the upper 
limit of the range of normal epinephrine 
secretion 1 

Despite the fact that epinephrine was the 
first hormone to be isolated from its source, 
and to be synthesized, the functional sig- 
nificance of epinephrine secretion is still ob- 
scure Physiological interpretations from 
pharmacological observations often have been 
misleading Only quantitative experiments, 
yielding results within the limits of the 


phvsiological rate of liberation, can be ex- 
pected to \ield unequivocal information on 
the function of epinephrine secretion 

In the light of the experiments reported 
herewith it can be seen why reflex augmenta- 
tion of the rate of epinephrine secretion has 
not been demonstrated successfully in ani- 
mals under the influence of asph}xia s or 
stimulation of sensory nerve trunks 8 For, 
even if these stimuli might affect appropriate 
receptors, which could alter the rate of 
epinephrine secretion, there is no reason to 
assume that the} might not equally influence 
the cerebral and the cord centres, thus de- 
feating the possibility of eliciting reflexly 
either augmentation or diminution m the rate 
of epinephrine secretion from the adrenal 
glands In preliminary tests, it w T as not found 
possible to elicit augmentation of the 
epinephrine output by stimulation of sensor}' 
nerves, following mechanical destruction or 
compression of the brain 0a 

S Stewart, G N , and Bogoff, J M , J Pharm 
and Exp Thcrap , 1917, 10, 40 

o Stew irt, G X , and Bogoff, J il , a J Exper 
Med , 1017, SO, G37, b Jm J Physio l, 1924, 09, 
003 
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Inhibition of Experimental Drug Allergy by Prior Feeding of the 
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In the course of studies on experimental 
drug allerg}', it was noticed that sensitization 
was apt to be less successful in guinea pigs 
which previously had been treated briefly 
with the same chemical Experiments were 
undertaken to establish at will such a re- 
fractory state * For the preparatory, or 


* In the case of iieoarsphenamme, Sulzbergcrl 
had found that a single intravenous injection of 
the subst mee usunlh prevented the active sensitiza 
tion sought bi an intracutaneous injection made 
one dav previouslv 


blocking, treatment, the methods tried in- 
cluded the parenteral injection of soluble and 
insoluble protein conjugates of the mutant 
itself, repeated cutaneous application of the 
chemicals in very low (non-sensitizmg) con- 
centration, intravenous injections, and feeding 
experiments After this preliminary treat- 
ment, a rest period of 2 weeks was allowed, 
and then the animals, m parallel with fresh 
guinea pigs as controls, were subjected to an 
active sensitizing course consisting of 6 or 
more intracutaneous injections of the mutant 
over a period of several weeks Following 
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another 2 weeks’ rest, the outcome of the 
challenging sensitization was determined by 
a “contact test” in which the skin was painted 
wuth dilutions of the incitant in olive oil 
and the animals were examined for the de- 
velopment of cutaneous reactions 

While several substances , were employed 
in the first experiments, the compound 2 4 
dimtrochlorobenzene was chosen for chief at- 
tention because it is actively allergenic and 
is well known in the experimental sensitiza- 
tion of human beings 1 2 1 Rather unexpect- 
edly, and m sharp (but not absolute) con- 
trast to all other methods employed, a block- 
ing effect of substantial degree was found to 
be induced bv feeding the chemical A 1% 
solution of dimtrochlorobenzene in olive oil 
was fed from the tip of a pipette in such man- 
ner that contact of the solution with the muz- 
zle was minimal The feedings (0 3 cc) 
were made daily for 6 days, followed by an 
8-day rest period, 2 or 3 such courses were 
given prior to the attempt at sensitization 
by intracutaneous injections While the lat- 
ter regularly sensitized either normal ani- 
mals or animals fed the vehicle alone (oli\e 
oil), a very considerable diminution in effect 
was’ encountered in groups that had received 
prior feedings of the chemical This is shown 
m Table I, which brings together the results 
from various, essentially similar experiments 
It w u b e S een that the protection afforded 
was not absolute, although m some experi- 


T^^xTr-ind Dolgoff, \ P,Arch Dam 
Syph , 1935 , 171 , 647 

2L.ndstm.er, Iv, Kostuibe.g A, .nd Snfaber 
.. M b J Im at Dir mat , 1930 -•> 

mnMsai, n, Acta Da mate Venereal, 1030, 


20 , 257 


ments well-nigh complete inhibition "was at- 
tained On the other hand, it remains pos- 
sible that the protective effect mav be over- 
ridden bv intensive treatment with the 
allergen 

To examine whether the feedings had led to 
a blocking mechanism directed only towards 
the same chemical or had induced a non- 
specific resistance to sensitizations, the be- 
haxoor of the animals to an active sensitizing 
course with a second, unrelated substance 
(o-chlorobenzoyl chloride) was examined 
The resistant and 1 positive control” groups 
did not differ at all in their response to the 
new' agent This held true, also, when ani- 
mals fed wuth one chemical then received a 
simultaneous series of intracutaneous injec- 
tions with 2 substances, one, the specific 
allergen, and the other, a non-related com- 
pound The inhibitory effect therefore w’as 
specific, and the animals were normal m their 
response to another compound 

That the effect is rather durable, and one 
apparently not dependent upon retention of 
the ingested substance, was demonstrated m 
one lot of 30 animals fed 2 4 dmitrochloro- 
benzene At varying intervals, groups of ap- 
proximately 10 animals were given the 
sensitizing course, along with an equal num- 
ber of new animals as controls Protection 
was still apparent even m the last group 
tested here the interval between the final 
feeding and the beginning of the challenging 
course had been 27 weeks, and the final 
contact test was made 4 weeks later 

It is possible, then, to induce a profound 
and lasting protection against experimental 
sensitization w'hen one starts wuth animals 
which are not already sensitive to the sub- 
stance m question, this is consonant with 
the experiment of Sulzberger 1 On the other 
hand, courses of feeding given to animals 
previoush made sensitive to 2 4 dinitrochloro- 
benzene have so far shown no appreciable 
effect in diminishing the degree of hyper- 
sensitivity, a result in accord with attempts 
to decrease an established sensitivity in guinea 
pigs by parenteral injection of soluble protein 

4 Sulzb"igtr, M B, Aich Derm mid Syph, 
1930, 22, 839 
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conjugates of the incitant ’ There are however, 
statements in the literature to the eftect that 
sensitise human beings ha\e been partialis 
desensitized bs ingestion of the specific 
allergen c 7 

I-'iniUtemer, K mil Cluvo M XV 7 Pxp 
ilcil 1037 OO 137 

cPark R G But Veil 7 3*144 2 Sib 


Summary Through the feeding of certain 
allergenic compounds to the non-sensitis'e sub- 
ject, a state of resistance mas be es- 
tablished against subsequent experimental 
sensitization of the shin bs the same sub- 
stance 

7Steiem> FA T Am 3[ct7 Assn, 1047, 127, 
012 
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Although electron micrographs has added 
greatls to knowledge of the shape size and 
other characters of viruses the findings leas’e 
much to be desired The capacits of viruses 
to absorb and scatter fast electrons is rela- 
tively small, and consequent!} , images of 
the particles are likely to be of loss contrast 
and indistinct especially at the periphery 
Contrast m influenza virus images may be 
enhanced slight!} b} treatment of the sirus 
with osmic acid, 1 use of calcium chloride 
though obscuring internal structure aids 
greath in micrography of equine en- 
cephalomyelitis 2 and influenza viruses' but 

* Tins nork nas aided bi the Commission 011 
Influenza and the Commission on Epidemiologica’ 
Surres Board for the Im < stigation and Control 
of Influenza and Other Epidemic Diseases 111 the 
Armv, Preientne Medicine Service Office of the 
Surgeon General, United States Arinv, ind hi 
a grant to Duke Limersitv from Lederlt Labora 
tones, Pearl Kiser Xess York 

t Consultant to Secretars of XX ar and Member 
Commission oil Acute Respnatori Diseises Bomd 
for the Control of Influenza md Other Epidemic 
Diseases ill the Arms, Preientne Medicine Service 
Office of the Surgeon General, United States 
A run 

1 Sharp D G, Tailoi A R McLean, I XV, 
Jr, Beard D, Beard, J XV, Feller, A E and 
Dingle J H J Immunol, 1944 48 120 

- Sharp D G, Tailor A R, Be ml D md 


not in the instances of the rabbit papilloma 
and tobacco mosaic viruses In addition, the 
images are flat, and judgment of particle 
shape must be based solely on contour por- 
trajed in 2 dimensions A considerable ad- 
vance in the electron micrograph} of xiruses 
is the application of the shadow-casting tech- 
nic recenth reported b} Williams and Wyck- 
off i ‘ 0 In this process, the molecules of 
metals exaporated tn vacuo fall on the virus 
particles at a grazing angle and cast “shadows ’ 
xvhich give the appearance of 3-dimensional 
contour to images in electron micrographs 
The shape and length of the shadows cast 
on the background and the contour of the 
images afiord a much better basis for judg- 
ment of the shape of the particle than the 
unshadowed images Studies with this tech- 
nic have been made of the \ r accima and rab- 
bit papilloma viruses and the T ; bacteriophage 
o£ E coir The results i with these 3 viruses 
are reported in the present paper 

Materials and Methods The viruses were 

Beard J XV Arch Path 3143, 36, 167 

Tailor A R Sharp, D G Beard, D Beard, 

T XX Dingle J H and Feller, A E J Immunol, 
1141 47, 261 

4 XX ilbains R C and XVickoff, R XV G Peoc 
feoc E\p Biol vxi> Med 1145 58 26a 

ilhams, R C and XVvekoff R XV G , 
lafurc 1143 156 6S 

c XVilli.anib, R C, md XVvekoff R XV G, 
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another 2 weeks’ rest, the outcome of the 
challenging sensitization was determined by 
a “contact test” in which the skin w as painted 
with dilutions of the mcitant in olive oil 
and the animals were examined for the de- 
velopment of cutaneous reactions 

While several substances , were employed 
in the first experiments, the compound 2 4 
dimtrochlorohenzene was chosen for chief at- 
tention because it is activeli allergenic and 
is well known m the experimental sensitiza- 
tion of human bemgs 1,2 3 Rather unexpect- 
edly, and in sharp (but not absolute) con- 
trast to all other methods employed, a block- 
ing effect of substantial degree was found to 
be induced by feeding the chemical A 1% 
solution of dimtrochlorobenzene in olive oil 
was fed from the tip of a pipette in such man- 
ner that contact of the solution with the muz- 
zle was minimal The feedings (0 3 cc) 
were made daily for 6 days, followed by an 
8-day rest period, 2 or 3 such courses were 
given prior to the attempt at sensitization 
by mtracutaneous injections While the lat- 
ter regularly sensitized either normal ani- 
mals or animals fed the vehicle alone (olive 
oil), a very considerable diminution in effect 
was' encountered in groups that had received 
prior feedings of the chemical This is shown 
m Table I, which brings together the results 
from various, essentially similar experiments 
It will be seen that the protection afforded 
was not absolute, although m some expen- 

TtVcdroff, N ~S , and Dolgoff, V p , J,r?i D(rm 


« Syph , 193=5, 171, 647 

2 Landstemcr, K , Bostinberg A .»d Rubber 
,[ p r Unc'-t Dermal , 1936, 2 2o 
ge a^t 1936, 
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ments well-nigh complete inhibition was at- 
tained On the other hand, it remains pos- 
sible that the protective effect may be over- 
ridden by intensive treatment with the 
allergen 

To examine whether the feedings had led to 
a blocking mechanism directed onlv towards 
the same chemical or had induced a non- 
specific resistance to sensitizations, the be- 
havior of the animals to an active sensitizing 
course with a second, unrelated substance 
(n-chlorobenzovl chloride) tvas examined 
The resistant and “positive control” groups 
did not differ at all m their response to the 
new agent This held true, also, when ani- 
mals fed with one chemical then received a 
simultaneous series of mtracutaneous injec- 
tions with 2 substances, one, the specific 
allergen, and the other, a non-related com- 
pound 1 he inhibitory effect therefore was 
specific, and the animals were normal m their 
response to another compound 

That the effect is rather durable, and one 
apparently not dependent upon retention of 
the ingested substance, was demonstrated in 
one lot of 30 animals fed 2 4 dmitrochloro- 
benzene At varying intervals, groups of ap- 
proximately 10 animals were given the 
sensitizing course, along with an equal num- 
ber of new animals as controls Protection 
was still apparent even in the last group 
tested here the interval between the final 
feeding and the beginning of the challenging 
course had been 27 weeks, and the final 
contact test was made 4 weeks later 

It is possible, then, to induce a profound 
and lasting protection against experimental 
sensitization when one starts with animals 
which are not already sensitive to the sub- 
stance in question, this is consonant with 
the experiment of Sulzberger 4 On the other 
hand, courses of feeding given to animals 
previously' made sensitive to 2 4 dimtrochloro- 
benzene have so far shown no appreciable 
effect m diminishing the degree of hyper- 
sensitivity, a result in accord with attempts 
to decrease an established sensitivity m guinea 
pigs by parenteral injection of soluble protein 

T&ul 7 b“igi-r, M B, Anh Derm and Syph, 
1930, 22, 839 
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conjugates of the incitant ' There are, however, 
statements in the literature to the eftect that 
sensitne human beings have been partial!} 
desensitized b\ ingestion of the specific 
allergen c 7 

' Lnndstt mer, K md Clnse, M TV, 7 Tip 
Med 1017 00 357 

«Pirk R G Put Vctl 7 1044 2 Slf. 


Summary Through the feeding of certain 
allergenic compounds to the non-sensitive sub- 
ject, a state of resistance may be es- 
tablished against subsequent experimental 
sensitization of the shm by the same sub- 
stance 

iSteaens, FA T Am Med Asst i, 1047, 12", 
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Although electron micrograph} has added 
greatlj to knowledge of the shape, size and 
other characters of viruses, the findings leaxe 
much to be desired The capacit} of viruses 
to absorb and scatter fast electrons is rela- 
tive!} small, and, consequently, images of 
the particles are lihel} to be of low contrast 
and indistinct especially at the periphery 
Contrast in influenza virus images may be 
enhanced slightly b} treatment of the \irus 
with osmic acid, 1 use of calcium chloride, 
though obscuring internal structure, aids 
greath m micrograpln of equine en- 
cephalomyelitis 2 and influenza viruses" but 

* This work ins aided hi tlic Commission on 
Influenza and the Commission on Epidemiologic i) 
Survci, Board for the Imestigition and Control 
of Influenza md Other Epidemic Disposes m the 
Anm , Preientire Medicine Strucc Office of tin. 
Surgeon General, United States Armr, md l>\ 
a grant to Duke Unnersita fiom Lcdcrlc Labora 
tones. Pearl Riaer Xev. York 

t Consultant to ‘■'tiretaia of TVai and Member 
Commission on Acute Rtspiratora Diseases, Bond 
for the Control of Influenza md Other Epidemic 
Diseosis m the Alim, Preientne Medicine Senue, 
Office of the 'Surgeon General United States 
Anna 

t Sharp, D G , Taarlor A R , McLean I TV , 
Jr, Beard, D Beard, J TV, Feller, A E, and 
Dingle I II, J Immunol, 1044, 48, Up 

2 Sharp, D G , Taalor V R, Beard D md 


not in the instances of the rabbit papilloma 
and tobacco mosaic uruses In addition, the 
images are flat, and judgment of particle 
shape must be based solely on contour por- 
trajed in 2 dimensions A considerable ad- 
\ance in the electron micrograph} of viruses 
is the application of the shadow -casting tech- 
nic recenth reported by Williams and Wyck- 
off 4 ' r ’ In this process, the molecules of 
metals evaporated in vacuo fall on the virus 
particles at a grazing angle and cast “shadows” 
which gne the appearance of 3-dimensional 
contour to images in electron micrographs 
The shape and length of the shadows cast 
on the background and the contour of the 
images afford a much better basis for judg- 
ment of the shape of the particle than the 
unshadowed images Studies with this tech- 
nic have been made of the vaccinia and rab- 
bit papilloma viruses and the To bacteriophage 
of E colt The results! with these 3 Tiruses 
are reported in the present paper 

Materials and Methods The viruses were 

Beaul, J T\ Atch Path 1<)43 36,107 
•> Taalor, A R , Sharp D G , Beard, D Beard, 
T TT Dingle, J H and Feller, A E J Immunol, 
I'M! 47, 261 

■* TT illnma R C,andTVaekoff R TV G , Pnoc 
Soc Exp Biol a.\d Med, 1045, 58, 2GT 
■> Williams R C and Tlrckoff R TV G , 

' \ attire , 1945 150, 6S 

o Williams, R C, md TVvckoff E TT G, 
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Fig 1 

mg of gold it the ingle tangent 2/7 ^Magnification 42,700 \ 


employed only m purified preparations 
Vaccinia 18 and rabbit papilloma viruses 010 
were obtained as previously described The 
bacteriophage, $ the To strain 11 parasitizing 
E coh, was cultivated on the host grown in 
broth and purified by ultracentrifugal pro- 
cedures which will be described elsewhere 12 
Purified virus suspensions containing about 
I0 !J particles per mi were placed on the col- 
lodion film support, and, after about half a 
minute, the excess fluid was removed with 
a fine pipette The films after drying were 
viewed immediately m the electron micro- 
scope or, more often, lightly washed by flood- 

fiCieiui, 1945, 101 , 596 

i This work was desuibed m pait at the meet 
mg of the Electron Mieiostope bouetj of America, 
Dccunbei 1, 1945, at Piinceton, N J 
7 Ci ugie, J, and Wishait, F 0, But J Exp 
Path , 1934, 15, 390 

SBeaid, J IV Finkelstun, H, and XVvckoff, 

B XV G , J Immunol , 1938, A5, 415 
0 Beaid, J X\ , Bissau, IV R , and IVjckoft, 

R XV G , J Infect Hi* , 1939, 65, 43 

loTnlot, A R ,J Biol Chem , 1946, 165, 283 
J XVe are gieatl) indebted to Di Max Belbrutk, 
Vandeibilt University, tor the strain of bacten 
oplnge and its host and foi idnce m the problems 
of cultivation 

11 Anderson, T F, J Cell and Comp Phj/Mol , 
1945, 3 5, 17 

it Hook, A E, Tavloi, A R, Sharp, D G , and 
Btird, J W, to be published 


mg once or twice with or dipping in distilled 
water When the films were again dry, they 
were ready for observation and electron 
micrography m the ordinary way, or for ap- 
plication of evaporated metal In some in- 
stances the films were observed and photo- 
graphed, then shadowed and examined again 
Gold was used for the papilloma and vac- 
cinia viruses and chromium for the bac- 
teriophage The weighed metals were evap- 
orated in a 10-turn conical helix of 5 mil 
tungsten wire, through which alternating cur- 
rent was passed from a 500-volt-ampere 
transformer at 20 volts Enough heat was 
generated to complete the evaporation in 1 
to 3 minutes The vacuum chamber was a 
glass tube 1 S inches m diameter and 12 inches 
long It was continuously evacuated with a 
Cenco Hivac pump and a 2-stage mercury 
diffusion pump, giving an ultimate vacuum 
of the order of 10' 5 mm of Hg The metal 
was deposited on the papilloma and vaccinia 
viruses at the angle whose tangent was 2/7 
and on the bacteriophage at the angle of 
tangent 1/S The distance from the evap- 
orator coil to the virus was 7 cm Assuming 
evaporation equally in all directions, the 
metal thickness on the side of the virus par- 
ticle normal to the beam would be given by 
the equation yy 

Thickness = 

AirT-p 
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Fig ^ 

Photograph of splitrt ftcmns liill) and tlic 
sin (low cast In light striking -it the angle tangent 
2/7 

in which V = weight ot metal evaporated 
m grams r = distance (7 cm) from the 
metal to the virus preparation and p = the 
density of the metal (19 for gold, 7 for 
chromium) The thickness of the deposit on 
the film lying at an angle o to the beam was 
less b\ the factor tan o which m this case 
was 2/7 or 1/5 Under the conditions of 
the experiments the thickness of the layer 
of gold on the normal surface w'as about 
85 A per mg of metal evaporated the values 
for chromium were greater bv the quotient 
of the densities, or 2 7 times as much 

For purposes of comparison, a photograph 
was made of a spherical object a tennis ball, 
and the shadow produced by light striking 
it at the angle of tan 2/7 

Results The rabbit papilloma varus in 
conventional electron micrographs 1 " is seen 
as circular or rounded images of low contrast 
which merge indistinctly into the background 
at the peripherv On the basis of apparent 
uniformity in the size and shape of the images, 
the virus was judged to be essential!} 
spherical m shape In Fig 1 there is shown 
the appearance of the virus shadowed with 
10 mg of gold Most of the images are highly 
uniform in shape and size others, which are 
irregular in size and shape, have the appear- 
ance of representing fragments of virus par- 

” Sharp, D G Tailor, A E, Beard D and 
Beard, T W Ppoo ^oc Exp Biol vxd Med 
1942 50 205 


tides 

The characters of the shadow cast by a 
sphere a tennis ball, lighted at an angle of 
tangent 2/7, are shown m Fig 2 On com- 
parison of Fig 1 with Fig 2, it is seen that 
the shadows of the virus particles differ 
greatly from the shadow cast by the ball 
The shadows of the virus are nearly tri- 
angular in shape, relatively very broad at 
the base and the length is, on the average, 
about yi of what it would be if the height 
of the particles were equal to the diameter 
of the images Judging from these charac- 
ters it is clear that the particles, at the mo- 
ment of shadowing, were not spherical but 
were flattened on the under and possibly on 
the upper sides as well 

\ accinia virus deposited on the collodion 
membrane from 0 005 M phosphate buffer 
and washed b} dipping in water is pictured in 
Fig 3 As described by Green, Anderson 
and Smadel, 14 the images are approximatelv 
rectangular m shape and give evidence of 
differentiation in the internal structure of the 
particle as shown by the presence of rounded 
regions of density greater than that of the 
remainder of the particle The particles 
lightly washed seem to be coated with a sticky 
material which causes coherence of some of 
the particles and m which bubble-like struc- 
tures appear 

Vaccinial elementary bodies shadowed with 
S mg of gold are seen in Fig 4 In contour 
m the horizontal plane the images of Fig 4 
are similar to those of Fig 3 except for 
roughness and unevenness about the edges, 
which may be related either to uneven deposit 
of gold or possibly to coating of the bubble- 
hke structures seen m Fig 3. The bodies 
are clearly flattened in varying degree, as 
shown --both by contour and length of the 
shadows The shadows are not sharp in the 
region of the apex where the metal shades 
far into the shadow One of the images 
seen m Fig 4 is almost circular and of very 
high contrast The shadow associated with 
it is much longer than the shadows of the 
other particles This appearance suggests, 
as discussed below that the image represents 

ii Green, R H , Anderson T F , and Smadel, 
J E T Fxp 3 ted , 1942, 75, Col 
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Fig 3 

Com entional electron micrograph of i icumal element.m bodies Magnification 25,000 \ 


one of the particles standing on end In man} 
of the images there are seen relatively broad 
and low mound-like protrusions that may 
represent the effects of internal structure, 
possibly the material of the regions of high 
density of Fig 3, extending up beneath 
the surface 

The To bacteriophage of E colt is shown 
in the electron micrograph of Fig 5 The 
purified bacteriophage was suspended m 
physiological saline solution, and the con- 
centrate was diluted with 0 023 M CaCU 
for preparation of the film Similar to the 
findings of Luria and Anderson, n the images 
of the bacteriophage are tadpole-shaped, show- 
ing the presence of a large head and a stubby 
tail tipped with a ball- or disc-shaped knob 
The heads, w'hich are of high capacity to 
absorb electrons, are uniform m size and 
hexagonal in shape The tails, which show 
low’ electron-stopping power, are uniform in 
length but appear to vary in width No 
internal structure w r as visible in the presence 
of the calcium salt 

In Fig 6 are show n bacteriophage particles 
shadowed by the evaporation of 3 7 mg of 
chromium " The heads do not give the 
shadows either of idea! spheres, or even of 
regular polyhedrons, but rather those of short, 

15 Linn, S E , and Anderson T F, Proc Xnt 
Acail Set , 1942, 28, 12T 


somew’hat flattened rods with conical caps 
The stubby tail, of uneven thickness ter- 
minates in a ball- or disc-shaped structure 
The tail shadows are likewise short, indicating 
a flattened condition consistent with the ob- 
served low electron-stopping power The de- 
gree of flattening is not the same m all 
preparations nor has it been the same for 
the individuals of a given picture, as may 
be seen in Fig 6 

Discussion The application of the shadow 
technic adds greatly to the results of direct 
observation of viruses in the electron micro- 
scope Coating of the virus preparation is 
effected in vacuo under conditions not greatly 
different from those to which the preparation 
ia subjected m the course of conventional 
electron micrograph}’ Thus the characters 
portrayed with 3-dimensional effect in the 
shadow’ pictures are those of the dried and 
possibly shrunken and distorted virus particles 
and are probably not quantitatively repre- 
sentative of the particles in their native state 
m aqueous suspension Measurements of 
shadows' of tobacco mosaic virus rods yield 
values of rod height similar to results obtained 
for rod width by means of X-ray exarnma- 
tion 10 and measurements m electron micro- 

K'Bcni ! J D, and Fankuihen, I, J Gen 
Pnyvol, 1941, 25, 111 

IV M ind Anderson, T F, J Biol 
them , 1941, 130, 325 
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Fig T 

Com i ntioinl electron micrograph of the T_. h ictenophage of T. enh Magnification 42,700 x. 


graphs 17 That shrinkage of other viruses 
occurs under these conditions, however is 
indicated bv the observation of particle di- 
ameter m electron micrographs smaller than 
values obtained in studies of the virus m 
aqueous suspension 1S 

Shadow electron micrographs of the papil- 
loma v irus corroborate evidence of umformitv 
of particle size and shape obtained in sedi- 
mentation studies 19 and from conventional 

IS ‘'harp D G , Tivlor, A B , McLean I TV , Jr , 
BearS, B and Beard, J TV , .7 Sin? Chcm , 1945, 
150, 


electron micrographs 13 In the shadow- 
micrograph} the apparent height of the 
particles is about -/^ that expected of spheres 
a value much greater than that for oblate 
spheroids of axial ratio 11-1 previously pre- 
dicted 19 from sedimentation, diffusion and 
viscositv data on the assumption that the 
particle is unhvdrated Recent studies 90 of 

i!> Xeurath, H , Cooper G E , Sharp, I) G 
Taylor, A E , Beard D and BeaTd J TV , 
J Ei o? Clirm , 1941 140, 293 

20 Sharp, D G , Taylor A B , and Beard, J TV , 
T Eiol Chem , 1946, 163, 2S9 
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Fig 6 

Bactenopli igc shadowed with 3 7 mg of chromium it the ingle t mgent 1/5 Magnification 42,700 \ 


the density of the papilloma virus m aqueous 
suspension indicate that the particles are 
5&fo water (by volume) and, if spherical 
in shape, about 66 m y in diameter The 
difference between this value and 44 m/i 
observed in electron micrographs 13 is proba- 
bly, in part, a measure of the shrinkage oc- 
curring in the plane of the picture Greater 
shortening of the vertical diameter than of 
that m the horizontal plane is not improbable, 
since settling and spreading of the ivet particle 
on the collodion membrane might be expected 
This is consistent with the obvious flattening 
of the particles on the under side indicated 
by the shadows broad at the base Quantita- 
tively, the shadow pictures show that the dry 
papilloma virus particles are slightly flattened 
spheroids, the finding is not incompatible 
with the view that the virus is essentially 
spherical m the wet state and flattens on 
drying in contact with the collodion mem- 
brane 

The elementary bodies of vaccinia have 
been described as “brick-shaped” 14 wdnch im- 
plies a difference between the height and the 
width of the particles King on the collodion 
membrane Judging from the contour in the 
shadow pictures, the dry bodies seem greatly 
flattened, but this appearance is not wholly 
consistent with the length of the shadows 
This discrepancy and the lack of sharpness 
of the shadow's may be explained, at least 


in part, on the assumption that shrinkage of 
the particle continues during the process of 
metal-coating The particles, even after dry- 
ing, are clearly well-rounded about all diam- 
eters There is some evidence that the 
particles are not brick-shaped but are es- 
sentially short cylinders or rods In a large 
number of micrographs, the width or short 
dimension of particles has been relatively 
uniform, and no evidence has been seen of 
bodies lying on edge On the contrary, cir- 
cular images of high contrast and of diameters 
similar to the short dimension of the 
rectangular images occur with a frequency 
of about 1 or 2 per hundred A shadow 
image of this sort is shown in Fig 4 The 
circular shape, and the relatively high con- 
trast of the image, together with the greater 
length of the shadow, may be interpreted as 
evidence that this particle is a short rod or 
cylinder standing on end The consistency 
of the findings suggests that the bod_\ casting 
this image differs from the others only in 
orientation, and that the vaccinia virus may 
be essentially rod-shaped 
The mound-shaped protrusions seen m the 
shadow images are interpreted as representing 
the intraparticular material of high contrast 
m conventional electron micrographs The 
structure appears relatively large and of 
greater density and resistance to shrinkage 
than the lemainder of the particle 
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The highlv uniform width, the well-rounded 
contours and the length of the shadows are 
characters suggesting that the headpieces of 
the bacteriophage are likewise probably short 
c\linders The hexagonal shape in ordinary 
electron micrographs indicates a conical shape 
of the ends of the rods In the absence of 
information of the density, size and water 
content of the bacteriophage m aqueous sus- 
pension no estimate can be made of the pos- 
sible degree of shrinkage on drying 

Summary Electron micrographs of the 
rabbit papilloma and vaccinia \ iruses and the 


Ta bacteriophage of E colt were obtained 
with the metal-shadow mg technic The 
papilloma \ irus dried in vacuo for application 
of the metal appeared spheroidal in shape, 
flattened especially at the region of contact 
with the film The vaccinia virus was great- 
h flattened and showed the presence of a 
denser internal material bulging beneath the 
surface The bacteriophage was a tadpole- 
shaped structure with a headpiece of well- 
rounded contours and a stubby tailpiece 
The findings were discussed with respect to 
their bearing on the shape of the viruses in 
the wet state 
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Attempts to Propagate Murine Poliomyelitis Virus on Various Intestinal 

Bacteria and Protozoa * 

Paul Brutsaert, Claus W Jungeblut, and Alice Knox. 

Trom flic Department of Bacteriology, Collcac of Physicians and Surgeons, 
Columbia Uvncisity, Xc it Tori 


Studies of microbial metabolism bar e amply 
demonstrated that many bacteria and 
protozoa are endowed with a complex equip- 
ment of enzymes that are utilized for cellular 
propagation It is therefore not surprising 
that numerous attempts have been made to 
grow certain pathogenic viruses in symbiosis 
with bacteria or other free-living cells 1 With- 
out passing on the merits of these observa- 
tions, the relationship between the virus of 
poliomyelitis and the intestinal flora seemed 
to us of particular interest in this connection 
As is well known, human urus — with suf- 

* Aided br grants from the Philip Hanson Hiss, 
Jr , Memorial Fund, the Warner Institute for 
Therapeutic Research, and anonymous donors 

l a Nicolau, S , and Lwoff, A , Bull Soc Path 
Ex , 193", 23, 721, b Silber, L A, and Wostru 
chowa E I, Centralbl Balt Ong , 1933, 120, 
3S9, 1933 129, 39C, 1934, 132, 314, c Silber, 
L A, and Dosser, E XI, Centralbl Balt Ong, 
1^33, 131, 222 , d Silber, L A , and Timahow, 
W D Centralbl Balt Ong, 1935, 133, 242, 
c Poppe, K , and Busche, G , Centralbl BaJ t Onq , 
1936 1*50, 3S5 


ficient neurotropic virulence to permit intra- 
cerebral transfer to monkeys — can often be 
isolated from the faeces of cases or healthy 
contacts More important yet, normal albino 
mice harbor regularly in the intestinal tract 
neurotropic murine virus (Theiler virus) 
which apparently persists for the lifetime of 
the animal Additional evidence of the re- 
markable affinity of poliomyelitis virus for 
the alimentary canal is furnished by experi- 
ence with the mouse-adapted strain of human 
SK poliomyelitis virus which could be re- 
covered from the faeces of 3 different in- 
fected hosts, natural or experimental, i c , 
man, 2 monkey 3 and guinea pig 4 How a 
supposedly strictly neurotropic virus can main- 
tain itself for any protracted period in the 
absence of living nervous material is dif- 

- Trash, J D , Vjgnec, A J , and Paul, J B , 
Proc Soc. Exp Biol vxd Med , 193S, 88, 147 , 
J Am licit Assn , 193S, 111, 6 

3 Trash, J D , and Paul, J K , Ann Ini If cd , 
1942, 17, 975 

4 Ibanez, J S , Trabajos del Instituto Caial de 
Im estigacioues Biologicas, 1944, SG, 137 
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Murine Poliomyelitis Virus and Bacteria 


ficult to understand The theory could there- 
fore be advanced that the infectious agent 
may possess a vicarious enterotropism which 
permits viral propagation, at a saprophytic 
level, on enteric microorganisms normally 
present m the intestinal canal 

To test the validity of this hypothesis ex- 
periments were undertaken in which cul- 
tures of certain intestinal bacteria or protozoa 
(including some non-intestinal parasites)! 
were examined for their ability to serve as 
a substrate for tn vitro propagation of murine 
poliomyelitis virus A mouse-adapted strain 
of human poliomyelitis virus (MM) which 
grows well in embryonic mouse and fairly 
well m chick tissue cell culture was used m 
this work 5 This virus w r as chosen because 
its extremely high virulence lor mice by 
both intracerebral and intraperitoneal routes 
facilitated the detection of minimal amounts 
of virus, moreover, its marked resistance 
against physical and chemical agencies of- 
fered some assurance for survival of the virus 
under unfavorable environmental conditions 
The microorganisms employed as test sub- 
strates for possible viral propagation were 
the following (1) Mixed bacterial flora ob- 
tained from human faeces, (2) B colt com- 
munis, (3) Leptospira bijlcxa, (4) Entamoeba 
colt , (S) Trichomonas homtnts, (6) Chtlomas- 
tix vtesneh, (7) Tetrahymena geleu, (8) 
Leishmama donovam, (9) Trypanosoma 
gambiensc The general experimental pro- 
cedure consisted of combining sufficient 10% 
viral mouse brain suspension with the dif- 
ferent bacterial or protozoal cultures in their 

f Grateful acknowledgement is made of tlie re 
ceipt of the protozoal cultures fiom the loHeming 
sources Entamoeba coh, Trichomonas homtnts and 
Chilomastuc mtsneh fiom Ur Di Guisti, Dept of 
Preientne Medicine, College ot Medicine, New 
York Uimersita, Tetrahymena g eh it from Dr 
Kesslei, College of Plijsiuans md Siugeous, 
Columbia Uimersitr , Leishmama donoian, fiom 
the Nation il Institute of He ilth, W ishmgton, 
DC , Trypanosoma gambirnse fioin Dr D Wem 
man, Department of Compamtiie Pathologj and 
Tiopical Medicine, Hamrd Vimeisit} Medical 

School „ 

r, Jungeblut, C M , and Dalldorf, G , Am J 
Puhl SeaUh, 1943, 33, lb9, Jungeblut, C W, 

J Exp Med , 1945, 81, 27a 


respective optimal media so as to vield a 
final 1 100 virus concentration Alter proper 
incubation such mixtures were transferred to 
new 7 culture media m amounts constituting 
a further 10-fold dilution of virus with 
serial passages being maintained for several 
subsequent generations For control pur- 
poses, 10% viral bram suspension, m identical 
proportions, was added to the respective sterile 
culture media which, after similar incuba- 
tion, were transferred serially to new cul- 
ture media, thus yielding progressive!} in- 
creasing 10-fold dilutions of virus alone 
The 2 sets of tubes, te, microbial cultures 
and controls, were examined at each passage 
for the presence of viable organisms by 
microscopic count and for the presence of 
virus by the injection of albino mice In 
the case of the enteric bacteria it was neces- 
sary to use Seitz filtrates for injection, where- 
as the protozoal culture and control tubes 
could be injected safely without previous 
filtration Ml injections were earned out 
mtracerebrally with 0 03 cc of test fluid, ex- 
cept for cultures of Entamoeba coh, 
Chilomastix mesnilt and Trichomonas honnms 
which on account of their concomitant bac- 
terial flora were tested by intraperitoneal 
injection of 0 1 cc amounts The injected 
mice were carefully observed for the de- 
velopment of characteristic symptoms Tis- 
sues of animals which died without definite 
signs of paralysis w»ere further checked by 
subpassage to new r mice for final identifica- 
tion of the virus The results are shown in 
Table I 

It will be seen from Table I that none of 
the tested bacteria or protozoa of increasingly 
differentiated structure were capable of sup- 
porting neurotropic MM virus beyond the 
number of passages which maintained virus 
m control tubes, with the possible exception 
of the Trichomonas homtnts culture which 
was therefore studied m more detail Thus, 
active virus was dearly demonstrable m the 
protozoal-bacterial culture up to and includ- 
ing the fourth serial passage, whereas virus 
alone in the uninoculated medium failed to 
survive beyond the initial passage in repeated 
tests The impression was first gained that 
virus had actually multiplied to some ex- 
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Murine Poliomyelitis Virus and Bacteria 


ficult to understand The theory could there- 
fore be advanced that the infectious agent 
may possess a vicarious enterotropism which 
permits viral propagation, at a saprophytic 
level, on enteric microorganisms normally 
present m the intestinal canal 

To test the validity of this hypothesis ex- 
periments were undertaken in which cul- 
tures of certain intestinal bacteria or protozoa 
(including some non-mtestmal parasites) t 
were examined for their ability to serve as 
a substrate for m vttio propagation of murine 
poliomyelitis virus A mouse-adapted strain 
of human poliomyelitis virus (MM) which 
grows well in embryonic mouse and fairly'' 
well in chick tissue cell culture was used m 
this work 5 This virus was chosen because 
its extremely high virulence for mice by 
both intracerebral and mtraperitoneal routes 
facilitated the detection of minimal amounts 
of virus, moreover, its marked resistance 
against physical and chemical agencies of- 
fered some assurance for survival of the virus 
under unfavorable environmental conditions 
The microorganisms employed as test sub- 
strates for possible viral propagation were 
the following (1) Mixed bacterial flora ob- 
tained from human faeces, (2) B colt com- 
munis, (3) Leptosptra bijlexa, (4) Entamoeba 
colt, (S) Trichomonas homints, (6) Chilomas- 
tix mesnelt, (7) Tetrahymena gelett, (8) 
Leishmama donovam, (9) Tiypanosoma 
gambiense The general experimental pro- 
cedure consisted of combining sufficient 10% 
viral mouse brain suspension with the dif- 
ferent bacterial or protozoal cultures m their 

f Grateful acknowledgement is made of the re 
ceipt of the piotozoal cultures from the following 
souices Entamoeba coh, Trichomonas homints and 
Chilomastix mesttcli fiom Dr Di Guisti, Dept of 
Prtientne Medicine, College of Medicine, New 
Ymk TJmiersitj, Tetrahymena yclen fiom Dr 
Kesslei, College of Plijsicnns ind Suigeous, 
Columbia Unncisitj , Leishmama donoiani from 
the National Institute of Health, Washington, 
D C Trypanosoma gambiense fiom Dr D H cm 
mm,’ Dep wtrnent of Comparatne Pathologj and 
Tiopical Medicine, Hanard Uimersitj Medical 

School , 

5 Jungeblut, C W, and Dalldorf, &, Jin J 
PM Beatth, 1943, 33, 109, Jungeblut, C W , 

J Exp Mid , 1945, 81, 273 


respective optimal media so as to vield a 
final 1 100 virus concentration After proper 
incubation such mixtures were transferred to 
new culture media m amounts constituting 
a further 10-fold dilution of virus with 
serial passages being maintained for several 
subsequent generations For control pur- 
poses, 10% viral brain suspension, m identical 
proportions, was added to the respective sterile 
culture media which, after similar incuba- 
tion, were transferred serially' to new cul- 
ture media, thus yielding progressively in- 
creasing 10-fold dilutions of virus alone 
The 2 sets of tubes, te, microbial cultures 
and controls, were examined at each passage 
for the presence of viable organisms by 
microscopic count and for the presence of 
virus by r the injection of albino mice In 
the case of the enteric bacteria it was neces- 
sary to use Seitz filtrates for injection, where- 
as the protozoal culture and control tubes 
could be injected safely without previous 
filtration All injections were carried out 
mtracerebrally wnth 0 03 cc of test fluid, ex- 
cept for cultures of Entamoeba coh, 
Chilomastix vtesmh and Trichomonas homints 
which on account of their concomitant bac- 
terial flora were tested by mtraperitoneal 
injection of 01 cc amounts The injected 
mice were carefully observed for the de- 
velopment of characteristic symptoms Tis- 
sues of animals which died without definite 
signs of paralysis w r ere further checked by 
subpassage to new' mice for final identifica- 
tion of the virus The results are shown m 
Table I 

It will be seen from Table I that none of 
the tested bacteria or protozoa of increasingly 
differentiated structure were capable of sup- 
porting neurotropic MM virus beyond the 
number of passages winch maintained virus 
m control tubes, with the possible exception 
of the Trichomonas homints culture which 
was therefore studied m more detail Thus, 
active virus was clearly demonstrable m the 
protozoal-bacterial culture up to and includ- 
ing the fourth serial passage, whereas virus 
alone in the umnoculated medium failed to 
survive beyond the initial passage m repeated 
tests The impression w’as first gained that 
virus had actually multiplied to some ex- 
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and that slightly higher concentrations were 
lethal 15 In view of these facts it became 
of interest to study the action of thiourea 
upon the de\elopment of the sea urchin egg 
whose normal embryology is well known 
Material and Methods The material used 
in this study consisted of eggs of ripe female 
sea urchins obtained during the months of 
July and August All of the available eggs 
from each sea urchm were placed in a con- 
tainer and fertilized The fertilized eggs 
were transferred to 'finger bowls containing 
200 cc of test solution which was maintained 
at 21-22 5°C Each experiment was confined 
to one egg batch, and several hundred eggs 
were placed m each of the test solutions 
The observations which are to be described 
below are the results of 25 experiments car- 
ried out under the above conditions Test 
solutions consisted of 0 1% to 1% of thiourea 
in sea water Similar concentrations of urea 
in sea water, and untreated sea water served 
as controls 

Cleavage rates and development were as- 
certained by examining samples of the cul- 
tures taken at suitable intervals for periods 
ranging from 3 to 4 hours for early cleavage 
and for as long as 72 hours for subsequent 
development For the purpose of examining 
the structure of some of the embryos m 
greater detail, specimens were fixed, sectioned 
and stained m the usual manner 

Cleavage and Development When fer- 
tilized sea urchin eggs were exposed to con- 
centrations of 1% thiourea, the eggs as a 
rule failed to undergo cleavage In similar 
concentrations of urea, on the other hand, 
cleavage proceeded at a relatively normal rate 

In contrast to the effect noted above, when 
the eggs were exposed to a 0 5% solution of 
thiourea early cleavage occurred at a normal 
rate until the blastula stage was reached 
Average results showed that 24 hours after 
fertilization, the embryos were still in the 
blastula stage, at 48 hours, the archenteron 
had usually appeared, but even as long 
as 72 hours after fertilization, the coelom 
had not as vet differentiated In the course 
of normal development gastrulae develop m 
about 12 hours and after 24 hours plutei 
have already diherentiated 


Examination of the embryos which had 
been exposed to 0 5% solutions of thiourea 
showed that gastrulation had been almost 
completelv inhibited While the untreated 
gastrulae attain a size of about 70 « and 
then differentiate into plutei, the treated speci- 
mens ceased differentiating at the incomplete 
gastrula stage, but continued to increase m 
size until they attained a diameter of 90 ft 
The ectoderm in these specimens appeared 
normal, but the primitive mesoderm consisted 
of a few large cells arranged in irregular 
patches Occasionally the first skeletal ele- 
ment, the tnradiate spicules, diherentiated, 
but pigmentation of the specimens was as a 
rule abnormal 

Exposure to concentrations of thiourea rang- 
ing from 0 1 to 0 3% did not appreciably' 
afreet the cleavage rate When the eggs were 
allowed to develop for as long as 72 hours, 
however, it was observed that there was a 
progressive decrease in the rate of develop- 
ment of the plutei which was directly pro- 
portional to the concentration of the drug 

Inhibition and Recovery After repeated 
observations had established the fact that 
fertilized sea urchin eggs failed to undergo 
gastrulation in concentrations of 0 5% 
thiourea, a number of experiments were car- 
ried out at this concentration to ascertain 
more precisely' the mechanism responsible for 
inhibition of gastrulation Accordingly sev- 
eral egg batches were fertilized and allowed 
to develop in sea water through the first, 
second and subsequent cleavages as far as 
the blastula and gastrula stage At appro- 
priate intervals several hundred specimens 
at each of these stages were then placed m 
a solution of 0 5% thiourea and the subse- 
quent development was observed In those 
individuals which had been transferred to the 
test solution prior to blastulation develop- 
ment proceeded normally' until this stage was 
attained Gastrulation, however, failed to 
take place When swimming biastulae were 
transferred to the thiourea solutions gas- 
trulation did not occur Introduction of well 
developed gastrulae into thiourea solutions, on 
the other hand, resulted m the development 
of plutei at a retarded rate 

Analysis of the data obtained for the ex- 
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tent However, further experiments m which 
urns was added to a heat-killed Titchomonas 
culture showed that active virus could like- 
wise be carried through 3 serial passages 
It w'ould therefore appear that no viral 
propagation had occurred in these tests and 
that the presence of the protozoan with its 
bacterial flora had merely served to render 
the unfavorable medium more favorable for 
survival of the originally inoculated virus 
Conclusions Propagation of human or 
simian strains of poliomyelitis virus m any 
kind of culture medium is extremely difficult 
whereas certain murine strains will grow well 
in tissue culture containing embryonic mouse 


bram 4. number of enteric bacteria and 
protozoa as well as some highly differentiated 
non-intestinal protozoa were examined for 
their ability to permit propagation of MM 
murine poliomyelitis virus in culture No 
evidence of viral propagation w r as found as 
determined by mouse inoculation The data 
do not encourage the assumption that neu- 
rotropic poliomyelitis virus m stool or sewage 
may be maintained m symbiosis with free 
living microbial cells However the limited 
extent of this work does not exclude the pos- 
sibility that experiments with other marine 
or faecal organisms under different experi- 
mental conditions might be more successful 
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Effect of Thiourea on Development of the Sea Uichin Aibacia Punctulata 

Gerrit Bevel ander * (Introduced bj E D Goldsmith ) 

From the Marine Biological Laboiatoiy, Woods Hole, Deportments of Anatomy, College of 
Dentistry, Graduate School of Arts and Science, A r T University 


Introduction The development of tne 
rat, 1 ' the frog,' 1 "® and the fish 7 has been in- 
fluenced by treatment with thiourea These 
developmental changes have been attributed 
to a state of functional hypothyroidism re- 
sulting from an interference of thiourea with 

*'IYlth the technical assistance of Miss Mjina 
Helfman 

1 Hughes, A M , Endocrinology, 1944, 34, 09 

2 Goldsmith, E D , Gordon, A S , and Cliarip 
ptr, H A , Federation Proc , 1944 3, 13 

3 Goldsmith, E D , Gordon, A S , and Charip 
per, H A, Am J Obstet and Gynecol, 1945, 
49, 197 

4 Goulon A S, Goldsmith, E D, and Cliarip 
per, H A , Mature, 1943, 152, 504 

3 Hughes, A M, md Astwood, E B , En 
docnnology, 1944, 34, 138 

o Gordon, A S, Goldsmith, E D , md Cinnp 
per, H A , Grouth, 1945, 9, 19 

7 Goldsmith, E D , Nigrelli, R E , Gordon, A 
S, Chnnppei, H A, and Goidon, M, Endo 
ci i nolog V 1944, So, 232 

SKeston, A S Goldsmith, E D, Gordon, A 
S , and Chanpper, H A , J Biol Chem , 1944, 
112 241 


the production of normal thyroid hormone 8 " 10 
It has been suggested that the drug may act 
by inhibiting the peroxidase 11 or the cy- 
tochrome oxidase 12 activity of the thyroid 
gland From additional studies, 13 however, 
it appears that thiourea inhibits an oxida- 
tive enzyme other than cytochrome oxidase 
Recently it has been shown, that low dosages 
of thiourea incorporated in the food medium 
produced defects m developing Drosophila, 11 

9 Franklin, A L , Lerner, S It , and Chaikoff, 
I L, Endoci otology, 1944, 34, 205 

10 Lai son, R A, Keating, F R Jr , Peacock, 
W and Raw son, R W, Endocrinology, 1945, 30, 
160 

H Dempsev, E W, and Astwood, E B, 
Endocrinology, 1944, 34, 27 

isPaschkis, K E, Cantarow, A, and Tillson, 
E K , Pi oo Soc Exp Biol and Med , 1945, CO, 
148 

13 Eerner, S R , and Chaikoff, X L , Endocrtnolo 
gy, 1945, 37, 36S 

H Ilai illy, M H, and Goldsmith, B D , in 
preparation 

13 Goldsmith, E D, and Hamlj, M H, 
kucncc, m puss 
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Prom the Chicago Intcnsnc Treatment Center, Chicago Board of Health, in cooperation mill the 
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Elevation of the body temperature is well 
recognized as a therapeutic procedure 
“Fe\ er-therapy” is the term now applied to 
systemic heating of the human body 1 It 
has been shown that the therapeutic efiicacy 
of mapharsen, neoarsphenamine, penicillin 2 
and the sulfonamides is increased during 
ph\ sically-induced fever The addition of 
bismuth enhances the clinical results in the 
intensive arsenotherapy of earlj syphilis, al- 
though the mode of action has not been well 
understood 3 Fever, in combination with 
these agents (fever-chemotherapy), is a 
method of intensive treatment applied to 
syphilis and gonorrhea * 

* Tlie authors are greatl) indebted to Dr Her- 
man X Bundesen, President, Chicago Board of 
Health who made this imestigation possible and 
tool an inspiring interest in the work Dr 
Theodore J Bauer, Senior Surgeon, U S P H S , 
Venereal Disease Control Officer, cooperated m 
the organization of tins stud) 

1 Krusen, F H, Physical Medicine, Plululel 
phn and London, 1941 45 

2 Boat, R A, Carpentei, C 51, and Warren, 
S L, Am J Syph , Gonor and Tvn Dis , 1942, 
2G, 282, Stohmger, H E, Doin, F L, Boik R 
A, and Carpenter, C M , Am J Syph, Gonor 
and P cn Dis 1944, 28, 405 , Boak, R A , Dorn, 
F L , md Carpenter, CM Jm T Syph , Gonor 
and Veil D is, 1943, 20 428, Moore, J E, 
-4m J Syph , Gonor and V cn Dis 1945, 29, 
195, Eigle, IX, and Musstlm in, A 1 ,3 Erp 
Med , 1944, 80, 493 

3 Eagle, H , and Hogan, R B , Science, 1942, 
95, 300, Stokes, J H, Beerman, H, and Warn 
mock, H , Am J M Sc, 1943, 200, 021, Ratt 
ner, H , J A M A, 1943, 122, 986 

■* Bundesen, H X , Bauer, T J , and Kendell, 
H W , J A M A, 1943, 123, S1G, Simpson 
V M , Kendell, H W , and Rose, D L , Suppl 
A'o l <5 to Vcn Dis Inform, 1942, Rose, D L, 


In fever-chemotherapy there are 3 known 
\ anables the height to which the body tem- 
perature is elevated, the number of hours 
this temperature is maintained, 5 and the 
amount and t\pe of chemotherapy adminis- 
tered 

A number of biochemical studies on body 
fluids ha\e been made under the influence 
of physically-induced fever® To our knowl- 
edge, no biochemical determination has been 
found which might serve as an indicator of 
the intensity of the action of fever-chemo- 
therapy on the human organism It was be- 
lieved that a systematic study of the plasma 
vitamin A level and that of its percursor, 
carotene, might furnish valuable information 
concerning the influence of the elevation of 
body temperature, and serve as a guide in 
comparing the effects of various combina- 
tions of fever-chemotherapy 

A depression of the plasma and serum 
vitamin A has been found during febrile in- 
fectious diseases, especially pneumonia 7 This 

Kendell, H W , and Simpson, W M , War Med , 
1941, 1, 470, Thomas, E. W, -V T State J. Med, 
1944 44, 157, Jones X, Carpenter, C M, Boak, 
R A, W men, S L, and Hanson, H, Vcn Dis 
Inform 1 944, 23, 99 

5 Boak, R A, Carpentei, C M, and Warren, 
S L, J Erp Med , 1932, 50, 741, 751 

t>Kiusui F U Physical Medicine, Plulndelphi t 
<nd Loudon, 1941, Go, Osborne, S L, and Holm 
qiust, H J , Technic of Electrotherapy and Its 
Physical and Physiological Basis, Springfield and 
Baltnnoie 1944, 682 

7 Clausen, S W , and McCoord, A B , J Pcd , 
193S, 13, G35, Thiele, W, and Scheiff, J J, 
Khn If clinschi , 1939, 18, 1275, May, C D, 
Blackfan, K D , McCreary, J F , and Allen, F H , 
Am J Dis Child, 1940,59, 1167, Josephs, H W, 
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penments described above shows that inhibi- 
tion of gastrulation does not have its incep- 
tion in the early cleavage stages and that 
regardless of previous treatment, thiourea acts 
selectively upon the blastula to prevent gas- 
trulation, and finally, once gastrulae are dif- 
ferentiated, development as a whole is re- 
tarded in 0 5% thiourea, but does neverthe- 
less take place 

In order to ascertain whether the inhibitory 
effects produced by exposure to thiourea were 
reversible, several batches of eggs were ex- 
posed to concentrations of thiourea ranging 
from 0 1% to 1% for periods ranging from 
one hour to 72 hours The}' were then 
Mashed and returned to sea water In gen- 
eral, the higher the concentration and the 
longer the exposure to the drug, the less the 
recovery, and conversely, with short exposure 
periods and low concentrations, from 50-90% 
of the specimens developed into normal plutei 
after they had been returned to sea w'ater 

Discussion The observations on the de- 
velopment of thiourea treated sea urchin eggs 
disclose that exposure to the higher concen- 
trations, 1% or greater, completely inhibit 
cleavage Lower concentrations, 0 5%, on 
the other hand, specifically inhibit gastrula- 
tion, while the low-est concentrations found 
to be effective, 0 1% to 0 3%, produced a 
retardation m the overall growth rate of the 
plutei In the higher concentrations, the in- 
hibitory effects are irreversible, in the inter- 
mediate range, reversibility of inhibition takes 
place to a limited degree, while in the lowest 
concentrations that were tested, the inhibitory 


effects are completely reversible 

It is thus apparent that the various 
physiological processes which operate during 
cleavage, gastrulation, and growth have dif- 
ferent thresholds of inhibition in respect to 
exposure to thiourea 

Since development is dependent upon the 
function of a number of enzyme systems and 
since, further, it has been reported 1 -’ 13 that 
thiourea inhibits certain enzymes which are 
present in a developing sea urchm egg, it is 
tentatively suggested that the mechanism by 
means of which development is inhibited by 
thiourea in both a general and a selective 
manner may be most readily accounted for 
by assuming that thiourea inhibits enzyme 
systems which are necessary for the differ- 
entiation and grow th of the sea urchin 

Summary Sea urchm eggs which were 
subjected to varying concentrations of 
thiourea showed a number of pronounced 
effects Concentrations of 1% or more re- 
sulted m a complete inhibition of cleavage 
In 0 5% solutions of thiourea, the eggs de- 
veloped normally until the blastula stage 
was reached For as long as 72 hours, the 
eggs did not differentiate beyond the gas- 
trula stage When the arrested gastrulae 
were returned to sea water, the inhibitory 
effects were reversible 

In the lowest concentrations used, which 
ranged from 01% to 0 3%, early cleavage 
w’as not affected There was, however, a 
retardation m the rate at which the plutei 
developed, w'hich was observed to be pro- 
portional to the concentration of the drug 
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TABLE EL 

Maximum and Minimum Values for Plasma Vitamin A Carotene Total Plasma Protein and 
Blood Hemoglobin per 100 ce of 92 Individual Patients before Elevation of Bodv 
Temperature, Compared vnth Values Formerlv Obtained and Published bv 

Other Authors 



Vitamin A, I V 

Carotene fig 

Total protein, g 

Hemoglobin, c 

Patients 

r 

— 

t 

^ 

, ^ 

r \ 

studied 

Max 

Min 

Max 

Min 

Max Min 

Max Mm 

92 

170 

30 

103 

22 

S 2 3 6 23 

17 0 SO 

(this studv) 

434 







(formerly 
studied) A 
(values of other 

1S9 

23 

050 

28 



authors quoted 
from 11) 

300 

28 

347 

18 




hours of fever-chemotherapv at 103 0 C F 
(rectal), the plasma vitamin A lei els were 
found to be m about the same range as be- 
fore treatment in 9 patients 
The patients receiving 3 and 6 hours of 
fei er-chemotherapy at 106 0°F (rectal) or 
8 hours at 105 5° to 106 0°F (rectal) 
showed a decline of the plasma i itamm A and 
carotene which lasted until the first morning 
after treatment, except m the 6-hour fever 
and penicillin group, where a small rise oc- 
curred on the first morning after fever On 
the second morning after fever a marked 
rise of the plasma vitamin A was recorded 
and on the third morning after therapv, 
the plasma vitamin A had returned approxi- 
mately to the prefever level 

In 3 groups, the medians and the means 
for vitamin A after fever reached higher 
values than were recorded before fever This 
is similar to the recently reported hyper- 
vitaminemia A. 14 observed following recoven 
from infectious febrile diseases 

The changes m the plasma vitamin A were 
most pronounced m those patients receiving 
fever-chemotherapv of 8-hour duration The 
course of the plasma vitamin \ recorded m 
I U per 100 cc plasma for each indr idual 
patient in this group is demonstrated m Fig 1 
There are some variations m the extent of 
these changes but the pattern is practicallv 
the same, ic, a marked decline after fev er- 
chemotherapv , followed by a rapid spon- 
taneous return toward the "prelever level 

14 Steigmann, F , Mever, K. A , and Popper, IE, 
Ann Int 2Ie3 , 1945, 22, S32 


Fo each of the 7 groups of patients who 
were given different combinations of fever 
and chemotherapj the median values and 
the arithmetic means of plasma vitamin A 
carotene total protein and hemoglobin were 
calculated In almost all instances the median 
values and the arithmetic means were similar 
A comparison of these values indicated that 
the course of the plasma vitamin A and 
carotene is defmitelv influenced bv the num- 
ber of hours the bodj temperature is main- 
tained at 103 0"' or 106 0°F (rectal), ir- 
respective of the tape of chemotherapeutic 
drugs giv en m combination with fev er There- 
fore, the patients were dn ided into 3 groups, 
according to the number of hours the bodv 
temperature was elevated to 105 5 ° or 106 0 = F 
(rectal), to analvze the effect of the duration 
of fev er on plasma v itamm A and carotene 

Group I — Patients receiving S-hour fever 
at 105 5° to 106 0°F (rectal) 

Group H — Patients receiving 6-hour fever 
at 106 O’F (rectal) 

Group III — Patients receiving 3-hour fever 
at 106 0=F (rectal) 

The median values and the arithmetic 
means of vitamin A, carotene total protein 
and hemoglobin for each of these 3 groups 
were compiled Again, both medians and 
arithmetic means are practicallv identical 
The results for vitamin A, carotene and total 
protein are demonstrated sraphicalh m 
Fig 2 ■” 

The results of these studies show that the 
plasma v itamm A is depressed when the bodv 
temperature is elevated to 105 5= or 106 0 C F 
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TABLE I 

Types of Fever Chemotherapy Studied 


No 

patients 

studied 

Clinical diagnosis 

Chemotherapeutic drugs administered 

( X 

Befoie fever Dmmgfeier 

°F 
temp 
lei el 

Hr 

mam 

tinned 

fever 

r ' 

Syphilis 

Primary Secondaij Early latent 

10 

2 G 2 

150 mg elemental 
bismuth (bismuth 
subsalicjlate m 
oil) IM 

1 7G mg mapharsen 103 5 
per hg body w t 

8 

2G 

1 14 11 

same 

same 

10G 

6 

21 

8 13 0 

000,000 0 IT 
penicillin I M 

G00, 000 Oh 
penicillin I M 

106 

6 

S 

2 G 0 

same 

600,000 OTJ 
pcnieillm IV 

106 

3 

9 

CNS syphilis 

none 

GO mg mapharsen 

105 

3 

12 

Sulfonamide icsistaut gonorrhea 

8 g sulfatluazole 

none 

106 

8 

G 4 ” ” ” 

2 gonorrhea relapsing after 
penicillin 

92 total 

sulfathiazole, 
penicillin or 
none 

i j 

106 

G 


depression of the plasma vitamin A, in all 
probability, is produced by the retention of 
vitamin A m the liver® The results of re- 
cent investigations indicate that, in general, 
the regulation of vitamin A levels m the 
blood is controlled by the liver 9 Hepatitis, 
associated with rise of icterus index, may be 
encountered m intensive fever-chemotherapy 10 
The purpose of this investigation was to 
study the influence of the elevation of the 
body temperature by physical means 4 in com- 
bination with various chemotherapeutic drugs 
on plasma vitamin A and carotene Blood 
hemoglobin and total plasma protein de- 
terminations were also made to evaluate 
the possibility of hemo-concentration or dilu- 
tion during the course of the study 

Experimental Procedures and Results 
Studies were made of the effects of 7 dif- 
ferent combinations of fever-chemotherapv 
upon plasma vitamin A and carotene in 92 
patients, taken at random from A pril , 1943 


8 Lindquist, T , Kirn Wchnschr, 1937, 16, 1345, 
and Act Meet Scand Suppl No 97, 1938 

9 Ralli, E P, Papper, E, Palej, K, and Bau 
man E At eli M Med, 1941, 08, 102, Popper, 
H , and Steigmann, F , J A M A, 1943, 123, 


^10 Kcndell, H W, Bose, D B , Miller E , and 

xr V Arch Physical Med , 1945, -6, 
Simpson, M M , Aren j r , 


to March, 194S These treatments and the 
clinical diagnoses are shown m Table I 
Vitamin A and carotene determinations were 
made according to Kimble’s method with 
slight modification 11 The Sheard Sanford 
Photelometer 12 was employed for quantitative 
hemoglobin determinations Specific gravity 
determinations were performed by the falling 
drop method of Kagan, 13 from which plasma 
total protein values were calculated 
The initial values for vitamin A, carotene, 
total protein of the blood plasma and hemo- 
globin varied m individual patients over a 
considerable range (Table II) 

A method was adopted to permit statistical 
and clinical comparisons of the results The 
average (arithmetic mean) of 2 or 3 values 
for vitamin A, carotene, total protein and 
hemoglobin, found for each individual pa- 
tient during the 5 days before fever-chemo- 
therapy, was regarded as the base line and 
made equal to 100 All values found there- 
after for the same patient were expressed in 
% of his prefever (base) value of 100 
On the first and second mornings after 3 

~~n Abt, A H C S , Bimmerle, J F , 

Bundcsen, H N, Delaney, M A, Fagen, H J, 
Farmci, C J, Wenger, O C, and Wlute, J L, 
Quart Sn!l Northwestern Univ Med School, 
1942, 10, 241 

12 Sanford, A H, Sheard, C, and Osterbcrg, 

1 i, J Chn Path , 1933, 3, 405 
is Kagan, B M , <7 Chn Invest , 193S, 17 , 372 
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was present but not of sufficient magnitude 
to account for the decreases m the plasma 
vitamin A and carotene levels This is par- 
ticular!} illustrated m the 8- and 6-hour fever- 
chemotherapy groups where the decrease in 
the levels was from 3 to 7 times that of the 
hemoglobin or total plasma protein Fig 2 
shows the changes m plasma protein The 
changes m hemoglobin are parallel 

Each of the 22 patients given 8-hour ses- 
sions of fever-chemotherapj showed a depres- 
sion of the plasma vitamin A of more than 
15% A total of 53 patients in the 3 groups 
were given 6-hour sessions of fever-chemo- 
therapj at the level of 106 0°F (rectal), and 
all but one patient showed decreases of the 
plasma vitamin A level at the termination of 
the fever sessions or on the first morning 
after fever, as compared to the prefer er levels 
Five of these patients did have a depression 
of less than 10%, :e, within the possible 
range that might be attributed to the error 
of the method, for which no clinical explana- 
tion can be given A depression of the 
plasma vitamin A level was found m all of 


the 8 patients subjected to 3-hour fever- 
chemotherapy at 106 0°F (rectal) One of 
these patients had a depression of less than 
10% The number of hours the fever was 
maintained to some degree may account for 
this factor, as this phenomenon was not ob- 
served in the S-hour fever sessions 

There was no significant difference in the 
vitamin A levels of those patients who ex- 
perienced uneventful fever sessions as com- 
pared to those who had clinical evidence of 
dehydration, emesis or low blood pressure dur- 
ing or after fev er-chemotherapv 

Four of the S4 patients who received fever- 
chemotherapy at the level of 105 5° to 106 0°F 
(rectal) developed mild jaundice with an 
icterus index* between 14 and 45 units The 
plasma vitamin A values of 3 of these pa- 

t Icterus index (II) was determined by com 
parison of the color of the serum against a 
standard solution of potassium dichromate m a 
block comparator 13 

13 Simmons, J H, and Gentzkow, C J, Zabora 
tori/ Methods oj the U S Arm*;, ,lh Ed, 1Q44, 
71 
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DECLINE and RISE of PLASMA VITAMIN A 


Before fever- BISMUTH SULFONAMIDES 



(rectal) by means of physically-induced 
fever This depression reveals an identical 
angle of decline irrespective of the length of 
fever, as may be seen in Fig 2 The extent 
of the depression, however, depends on the 
duration of the fever The plasma vitamin A 
drops approximately 30% after 8 hours of 
fever, 20% after 6 hours, and 10% after 3 
hours at 106 0°F (rectal) (Fig 2) Three 
hours of fever at 105 0°F (rectal) combined 
wath 60 mg mapharsen had no influence on 
the plasma vitamin A The various chemo- 
therapeutic agents, bismuth subsalicylate, 
mapharsen, sodium penicillin or sulfathiazole, 
in the amounts administered before or during 
fever had no significant influence on the 
variation of tlie plasma vitamin \ and caro- 


; The maximum depression of the plasma 
itamin A was noted after termination of 
^chemotherapy Thra level rem.med ap- 


proximately the same until the next morning, 
24 hours following the beginning of the fever 
session During the second 24 hours, or from 
24 to 48 hours from the time the fever ses- 
sion was begun, the plasma vitamin A level 
rose, and, m 72 hours from the time the 
fever was inaugurated, the plasma vitamin A 
had attained levels which approximated the 
prefever level The restoration of the plasma 
vitamin A occurred spontaneously without 
any special medication or dietary measures 

The plasma carotene followed a pattern 
similar to that of vitamin A, although there 
w'as less depression of the carotene, viz , 
approximately 20% after 8 hours, 15% after 
6 hours, and 10% after 3 hours of fever 
(Fig 2) The restoration of the plasma 
carotene level was similar to the plasma vita- 
min A 

Hx dremia, as evidenced by the decrease in 
total plasma protein and hemoglobin levels, 



Plasma Vitamin A in Hyperpyrexia 


27j 



Y as present but not of sufficient magnitude 
to account for the decreases in the plasma 
vitamin A and carotene levels This is par- 
ticularly illustrated in the 8- and 6-hour fever- 
chemotherapy groups where the decrease in 
the le\els was from 3 to 7 times that of the 
hemoglobin or total plasma protein Fig 2 
shows the changes m plasma protein The 
changes in hemoglobin are parallel 

Each of the 22 patients given 8-hour ses- 
sions of fe\ er-chemotherapy showed a depres- 
sion of the plasma vitamin A of more than 
15% A total of 53 patients in the 3 groups 
were given 6-hour sessions of fe\ er-chemo- 
therapy at the level of 106 0°F (rectal), and 
all but one patient showed decreases of the 
plasma vitamin A level at the termination of 
the fever sessions or on the first morning 
after fever, as compared to the prefever levels 
Five of these patients did have a depression 
of less than 10%, »c, within the possible 
range that might be attributed to the error 
of the method, for which no clinical explana- 
tion can be given A depression of the 
plasma vitamin A level was found in all of 


the 8 patients subjected to 3-hour fever- 
chemotherapy at 106 0°F (rectal) One of 
these patients had a depression of less than 
10% The number of hours the feter was 
maintained to some degree may account for 
this factor, as this phenomenon was not ob- 
served in the S-hour fever sessions 

There was no significant difference in the 
vitamin A levels of those patients who ex- 
perienced uneventful fever sessions as com- 
pared to those who had clinical evidence of 
dehydration, emesis or low blood pressure dur- 
ing or after fever-chemotherapy 7 

Four of the 84 patients who received fever- 
chemotherapy at the level of 105 5° to 106 0°F 
(rectal) det eloped mild jaundice with an 
icterus index! between 14 and 45 units The 
plasma vitamin A \alues of 3 of these pa- 

t Icterus index (II) was determined by com 
panson of the color of the serum against a 
standard solution of potassium dichromate in a 
block comparator 15 

15 Simmons, J H , and Gentzhow, C J , Labora- 
tory Methods of the U S Arm i/, sth Ed , 1044 , 
71 
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(rectal) by means of physically-induced 
fever This depression reveals an identical 
angle of decline irrespective of the length of 
fever, as may be seen m Fig 2 The extent 
of the depression, however, depends on the 
duration of the fever The plasma vitamin A 
drops approximately 30% after 8 hours of 
fever 20% after 6 hours, and 10% after 3 
hours at 106 0°F (rectal) (Fig 2) Three 
hours of fever at 10S 0°F (rectal) combined 
with 60 mg mapharsen had no influence on 
the plasma vitamin A The various chemo- 
therapeutic agents, bismuth subsalicylate, 
mapharsen, sodium penicillin or sulfathiazole, 
m the amounts administered before or during 
fever, had no significant influence on the 
variation of the plasma vitamin A and caro- 


tene 


The maximum depression of the plasma 
vitamin A was noted after termination of 
fever-chemotherapy This level remained ap- 


proximately the same until the next morning, 
24 hours following the beginning of the fever 
session During the second 24 hours, or from 
24 to 48 hours from the time the fever ses- 
sion was begun, the plasma vitamin A level 
rose, and, in 72 hours from the time the 
fever was inaugurated, the plasma vitamin A 
had attained levels which approximated the 
prefever level The restoration of the plasma 
vitamin A occurred spontaneously without 
any special medication or dietary measures 

The plasma carotene followed a pattern 
similar to that of vitamin A, although there 
was less depression of the carotene, viz, 
approximately 20% after 8 hours, 15% after 
6 hours, and 10% after 3 hours of fever 
(Fig 2) The restoration of the plasma 
carotene level was similar to the plasma vita- 
min A 

Hydremia, as evidenced by the decrease m 
total plasma protein and hemoglobin levels. 
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of e\ ents were briefly as follows 

Sgt L F was a member of a general hos- 
pital medical detachment who had been m 
consistently good health 
Mav 8 1944 Plav ed baseball with vigor 
” 9 Donated 500 cc of blood which was 
gi\ en to patient McG on May 10 
1 11 L F reported to sick call Ques- 
tionable icterus of sclerae was re- 
ported and he was admitted to hos- 
pital 

12 Mild jaundice was present 
” 13 Appeared to be a\erage case of in- 
fectious hepatitis but during night 
became actively delirious 
” 14 Became comatose and expired 

This patient appears to represent an ex- 
ample of naturally acquired infectious hepati- 
tis m which the onset and the appearance of 
jaundice coincided The course was unusually 
brief with fatal outcome 

Pfc McG was admitted to a hospital in 
Italy April 25, 1944, because of perforating 
wound of abdominal wall 
May 3, 1944 Transferred to a general hos- 
pital m the base area Progress had 
been satisfactory 

” 10 Received transfusion of blood from 
L F 

’ 18 Serum 5-187 used in this study was 
obtained 

’ 19 A series of tests revealed no ab- 

normality 

” 21 Complained of lower abdominal pam 
and discomfort, one loose stool, 
temp 99° 

” 23 Enlargement of cervical lymph nodes 
’ 24 Serum 5-231 used m this study was 

obtained 

" 25 Occasional needle-hhe pains m the 
right upper quadrant Liver just 
palpable and very tender 
” 27 Liver larger, tender, tip of spleen 
palpable Patient felt better 
” 29 Patient felt well Liver smaller and 
less tender 

” 30 Frontal headache, temp 102 6° 
Liver edge one fb below costal re- 
gion, not tender 

1 31 Patient felt ill, icteric tinge to 

sclerae 


June 1 Definite icterus Patient quite ill 
Temp 98° to 102 6° Liver larger 
and very tender 

There had been no history of malaria, 
previous jaundice or dysentery, no known in- 
sect bites Malarial smear and Kahn test 
were negative, no ova or parasites were found 
m stool 

The patient’s course was that of a seriouslv 
ill person for one week thereafter, but re- 
covery was satisfactory It seems quite cer- 
tain that transfusion was the method by which 
the virus was transmitted, with symptoms 11 
davs and jaundice 21 days, thereafter 
Materials The histones of the cases and 
the materials employed m the study were 
obtained by Colonel hi H Barker, hi C , 
AUS , and Captain Frederick G Robbins, 
MC, AUS, of the 15th Medical General 
Laboratorv in Italy (Colonel V H Cornell, 
hi C , AUS Commanding) The sera were 
stored in dry ice and shipped in a frozen 
state by air to Brigadier General S Bayne- 
Jones, Preventive Medicine Service, Office of 
The Surgeon General, United States Army, 
but were in a liquid state at the, time of their 
arrival They were again frozen in C0 2 
ice and transferred, frozen, to this laboratory 
where they were stored m COj ice until 
preparation for study 
Subjects The subjects were inmates of the 
State Prison of Southern Michigan, Jackson, 
Michigan, who volunteered to participate in 
the study Only one case of catarrhal jaun- 
dice had been seen in the institution in a 
period of 9-10 months From those who of- 
fered to take part, the subjects were selected 
after thorough physical examination X-ray 
of the chest was taken m each instance to 
eliminate those with significant pulmonary 
or cardiac abnormalities Examinations of 
the urine included those for urobilinogen and 
bilirubin, examination of the blood was made 
for bilirubmemia Bromsulfalein retention 
(5 mg— 30 minutes) and Hanger cephalm- 
cholesterol flocculation tests 12 were carried 
out for evidence of hepatic dysfunction In- 
dividuals with history of syphilis, positive 

i Hmger, PM ,J Chn Inv , 1939, 28, 261 
- Frisch, A TV , and Quilhgan J J , m press 
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tients compared to the prefever levels were 
definitely lower than those of any patient 
m the same group without jaundice 

There was a delay, however, in the spon- 
taneous rise of the plasma vitamin A on the 
second and third days after fever in those 
patients who developed jaundice The re- 
ports of others 10 and our own observations 
point toward the idea that the “recovery 
rise” of the plasma vitamin A after fever 
may be an indicator of the return of normal 
liver function As long as the liver function 
is impaired, insufficient vitamin A is released 
from the liver stores into the circulation On 
this basis, therefore, the plasma vitamin A 
may remain at a low level Vitamin A is 
released into the blood stream when the liver 
regains its normal function and then the plas- 
ma vitamin A increases In those patients in 
whom the rise of plasma vitamin A was de- 
layed, after fever-chemotherapy clinical 
jaundice and an elevated icterus index were 
noted simultaneously with the delay or soon 
thereafter 

These observations suggest that if the plas- 
ma vitamin A is depressed to 50% or less of 
the prefever level, the development of jaundice 
may be expected However, the reverse did 
not hold true as elevated icterus indices were 
not necessarily concurrent with extremely low 

10 Mei er, K A, Steigmann, F, Poppei, H, and 
Walteis, W H, Arch Staff, 1943, 47, 26 


plasma vitamin A values 
Summary In a study of 92 patients it was 
found that elevation of the body temperature 
to 105 5° or 106 CPF (rectal) by physically 
induced fever was followed by a depression 
of the plasma vitamin A and carotene The 
extent of the depression was directly related 
to the duration of the fever The course of 
the plasma vitamin A and carotene was al- 
most identical irrespective of the chemo- 
therapeutic agents (bismuth subsalicylate m 
oil, mapharsen, sulfathiazole or the sodium 
salt of penicillin) given either before or dur- 
ing physically-induced fever of equal dura- 
tion It is, therefore, justifiable to conclude 
that elevation of the body temperature is 
the principal cause of the depression of plasma 
vitamin A and carotene At the termination 
of fever, the plasma vitamin A was nearly at 
the lowest level The restoration of the 
plasma vitamin A level usually occurred by 
the second day after treatment and took place 
spontaneously without any special medication 
or dietary measures The plasma carotene 
level showed a pattern similar to that of the 
plasma vitamin A The depression of the 
carotene was generally not as great and oc- 
curred more slowly This behavior of the 
plasma vitamin A is, to the best of our knowl- 
edge, the first biochemical indicator shown 
to serve as a measurement of the intensity of 
the action of physically-induced fever on the 
human organism 
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The present paper is to report observa- 
tions upon the presence of the xnrus of in- 
fectious hepatitis in the serum of a patient 
following the receiving of a transfusion of 
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blood taken from another individual 48 hours 
before the onset m the latter of apparently 
naturally acquired infectious hepatitis 

The circumstances surrounding this series 
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onset of the preictenc stage of clinical ill- 
ness The latter figures were 38, 40 and 43 
days, respectively, after inoculation while 
clinical icterus was noted after intervals of 
42, 45 and 47 da\s Biochemical tests were 
correspondingly positive The marked varia- 
tion in clinical severity in the 4 individuals 
receiving the same inoculum was striking 
In one, Fd, a rapidly developing disease 
with fatal termination was encountered, an- 
other, Me, had a prolonged course with a 
brief relapse, another had quite a mild clinical 
disease with maintenance of good phvsical 
state and good appetite most of the time, 
the fourth had no detectable disturbance 
One of the second group of subjects, in- 
oculated with serum obtained from the same 
patient 3 days after the first minimal symp- 
toms and 6 day’s after the specimen used 
with group 1, developed symptoms 43 day's, 
and jaundice 46 days, after injection At 
the time the other patients were developing 
hepatitis the 3 additional members of this 
group had short periods of gastric distress, 
lassitude, tenderness in right upper quadrant, 
no jaundice developed and in only’ one of 
the 3, Dn, was any’ disturbance of liver 
function suggested by laboratory procedures 

Although the subjects were not isolated 
during the period before the onset of illness 
no other cases of jaundice occurred in the 
population 

Discussion The results of the above ob- 
servations are of interest from several points 
of view It seems quite clear that the disease 
in the original donor of blood was naturally’ 
acquired infectious hepatitis which was trans- 
mitted from him by’ transfusion of blood 
before the recognized onset of his illness In 
turn, the agent was demonstrated in the blood 
of the recipient 3 day’s before the onset of 
any symptoms while biochemical tests were 
entirely’ normal, 13 days before the onset 
of jaundice The first symptoms noted in 
the recipient of the transfusion were 11 days 
after the transfusion and jaundice began 21 
day’s after transfusion 

Both Havens,'’ and Xeefe, Stokes and Gel- 

* Ilivens, y\ P , Ti , Proc Soc Exp Biol \nd 
Mfd , 1945 58, 203 


hs, 4 have commented that with serum from 
cases of naturally’ acquired infectious hepatitis 
the interval between administration and on- 
set of jaundice was less than 37 days re- 
gardless of whether the material was given 
by mouth or parenterally Ohphant, 5 how- 
ever, employed for subcutaneous inoculation 
0 5 cc of a 1 6 dilution of serum from a 
case of infectious hepatitis naturally’ acquired 
m Italy and induced jaundice in 4 of 11 
subjects after intervals of 85-106 days Mac- 
Callum and Bradley’’* also witnessed incuba- 
tion periods of 64, 75 and 92 day’s after 
subcutaneous inoculation of 1 25 cc of serum 
from infectious hepatitis In the present 
study’ the average interval before jaundice m 
the 4 volunteers receiving the equivalent of 
0 25 cc of filtered serum 'Subcutaneously w 7 as 
45 days, a length of time intermediate be- 
tween the 2 groups of observations 

Havens" states that no appreciable dif- 
ference m incubation period was observed 
when doses of 0 01 to 0 5 cc of the same 
serum from infectious hepatitis was given 
subcutaneously’ Xeefe, Stokes, Remhold and 
Lukens s gave 1, 9, 10 and 12 cc, respectively, 
of icterogemc plasma intravenously to 4 sub- 
jects and jaundice occurred at decreasing in- 
tervals of 110, 99, 74 and 73 days, there- 
after, suggesting some relation to the amount 
injected A fifth subject who received 100 cc 
did not develop jaundice In the present 
study’ the average incubation period was more 
than twice as long m the volunteers (third 
passage) as m the transfused patient (second 
passage) from whom the serum w’as obtained, 
although the route was m both instances 
parenteral Moreover, there was a relative 
uniformity’ m the time of onset of jaundice 
in the inoculated individuals although the 

i Neefe, J R, Stokes, J, Jr, md Gellis, S S, 
Jm J Med Set 1945, 210, 561 

5 Oliplrait, J W , Pub Health Hep , 1944, 59, 
1614 

® AticCillum, F 0, and Bridley, TV H, 
Lancet , 1944, 2, 228 

‘Hu ens, W P Jr, J»i J Pub Health, 1945, 
30, 37 

s Neele, J R , Stokes, J Ji , Remliold, J G , 
uid Lukcns F D V , Am T Chn Inv , 1944 23, 
S3l> 
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TABLE i 

Results of Inoculation of Volunteers with Semin fiom Infectious He patitis 

Onset ot 


First possible Definite 


G i oup 

Subject 

Age 

Race 

Inoculated 

sy inptoms 
days 

illness 

dais 

Jaundice Laboiaton 
days eudence 

Duration 

dais 

1 

Fd 

24 

C 

4/13/45 

38 

38 

42 

+ 

s 


Fy 

24 

TV 

) J 

38 

40 

45 

+ 

21 


Me 

24 

TV 

n 

35 

43 

47 

-f 

34 


Ro 

34 

TV 


0 

0 

0 

0 

0 

2 

Bn 

21 

TV 

4/13/45 

42 

0 

0 

0 

5 


Dn 

22 

C 

> t 

* 

0 

0 

0 



Gy 

25 

TV 

>> 

45 

0 

0 

0 

0 


Lr 

30 

TV 

t> 

43 

43 

46 

+ 

35 


* This patient complained of headache, nausea, i minting and teiideiness in light uppei quadrant m 
teimittenth ftom the second day after inoculation for i penod of 3 months Ceitam labonforj tests 
"ere irregulailj suggestive between the fifth and ninth weeks aftu inoculation but neither clinical nor 
chemical ondence of icteius "as obtained 


serological tests or history of previous attacks 
of jaundice were excluded Only one of the 
selected individuals was over 30 years of age 

Inoculations (1) Serum 5-187 was ob- 
tained May 18, 1944, from patient McG 8 
days after receiving transfusion, 3 davs before 
any symptoms and 13 days before icterus was 
noted The serum had been preserved in a 
tightly stoppered tube by freezing in a C0 2 
ice cabinet On April 10, 1945, the specimen 
was thawed, 1 25 cc of serum was mixed 
with 3 75 cc of sterile Ringer solution, 
centrifuged at 1500 rpm for 15 minutes and 
filtered through a Mandler filter under 9-lb 
pressure per square inch Aerobic and 
anaerobic cultures were bactenologically 
sterile after 48 hours On April 13, 1945, 

1 0 cc of the filtrate of the 1 4 dilution of 
serum was given subcutaneously to each of 
4 volunteers (Fd, Fy, Me, Ro) with care 
taken to use individual needles and svnnges 

(2) The same procedure wms followed wuth 
the sample of serum 5-231 obtained from pa- 
tient McG May 24, 1944, 14 days after 
transfusion, 3 days after the first of any 
symptoms, and 7 days before jaundice was 
clinically detected On April 13, 1945, 1 0 
cc of the filtrate of the 1 4 dilution of serum 
was given subcutaneously to each of 4 vol- 
unteers (Bn, Dn, Gy, Lr) with individual 
needles and syringes 

Observation The inoculated individuals 
were returned to their usual quarters and 
permitted to continue their usual activities, 


including customary work, until any ewdence 
of illness was obtained During this period 
they' were examined twice weekly by one of 
the investigators and temperatures and svmp- 
toms were recorded Examination of the 
urine, including tests for urobilinogen and 
bilirubin, Ieukocyde counts, blood bilirubin, 
bromsulfalein and cepbalin-cbolesterol floc- 
culation tests were done at 1 0-day intervals 
When any suggestive symptoms or signs were 
noted the patient was transferred, to the in- 
stitutional hospital w'here close clinical ob- 
servations could be maintained There lab- 
oratory examinations were frequently made 
(with the exception of bromsulfalein) and 
diets high in carbohydrate and selected pro- 
tein were instituted Glucose, sucrose ammo 
acid concentrates, plasma, vitamin B com- 
plex and other fluids were given intravenous- 
ly in an effort to minimize the course of the 
disease All individuals were kept under ob- 
servation for at least 130 days 

Results In Table I are summarized the 
results observed m the 2 groups of individuals 
Three of the 4 inoculated subcutaneously 
with serum from McG 8 days after trans- 
fusion developed infectious hepatitis and 
jaundice The first symptoms which seemed 
even in retrospect to be of significant rela- 
tionship "'ere noted 35, 38 and 38 davs, re- 
spectively , after inoculation In onh the 
case of Ale was there an appreciable in- 
terval, S days, between the first symptoms 
noted and w hat appeared to be the actual 
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of energy -yielding substrates The eftective- 
ness of a substance in restoring amplitude 
was considered a measure of its ability to 
sene as a source of energy' for smooth 
muscle contraction More recently , Feldberg 
and Solandt, 4 and Feldberg, 5 in extending 
the work of the earlier ini estimators, have 
armed at the same conclusions 

Except for the studies cited, the proce- 
dure introduced by Rona and Xeukirch has 
not been utilized for the in\ estigation of 
the intermediary' metabolism of smooth 
muscle If their assumption is correct, that 
the restoration of amplitude is exidence of 
the ability of a substance to proxide energy 
for smooth muscle contraction, then the 
method nould appear to be unusually nell 
suited for such studies The restoration of 
contractility nould comprise a more exacting 
and reliable criterion for the evaluation of 
a substrate, than is pronded by a rise m 
oxygen consumption alone The latter 
criterion is frequently' undependable, the for- 
mer furnishes direct endence that the energy 
provided by a substance under study' is ac- 
tually utilizable for smooth muscle contrac- 
tion 

In the present study the method has been 
employed for a more extensive investigation 
of potential energy -y lelding substrates, se- 
lected on the basis of modern concepts of 
intermediary' metabolism, and particular at- 
tention has been gixen to the possible use- 
fulness of fatty' acids 

Methods The standard preparation con- 
sisted of a fresh segment, approximately' 4 
cm long, from the upper portion of rabbit 
small intestine The segment, ruth its lumen 
open, was suspended in a SO cc muscle cham- 
ber, and attached to an isotonic muscle lever 
The lever exerted a tension of 4 g and re- 
corded the contractions of the longitudinal 
muscle on a kymograph The intestinal 
segment was bathed in glucose-free Krebs- 
Henseleit solution,® maintained at 37 5°, and 
aerated with 95 '/o 0? - 5% COe to obtain a 

4 Feldberg, XV , md Solmdt, O II, J Physiol , 
1042, 101, 137 

'Feldberg, XV T Physiol, 1943, 102, 10S 

0 Krebs, H A and Henseleit, K , Z f Physiol 
Chan , 1932, 210, 33 


pH of 7 4 

Prior to testing each substance, the spon- 
taneous rhythmic contractions of the longi- 
tudinal smooth muscle xvere aliened to de- 
crease to about 1/10 to 1/20 of the original 
amplitude This usually required less than 1 
hour and introduced no change in contraction 
frequency At this point the test substance, 
dissohed in a small quantity' of Krebs solu- 
tion, was added to the muscle chamber All 
acids were used in the form of sodium salts 
For each substance tested, the minimal con- 
centration nas determined which brought 
about the maximal amplitude of contraction 
of which that substance was capable This 
increase in amplitude nas then compared on 
a percentage basis nith the maximal change 
which resulted from the addition of glucose 
to the same intestinal preparation 

Results The record of a typical experi- 
ment is reproduced in Fig 1 It illustrates 
the gradual decrease in amplitude and axer- 
age tonus which takes place m the absence 
of substrate as well as the restoration of 
both on the addition of glucose ( 200 mg /a) 
when the amplitude had fallen to about 1/10 
to 1/20 of the original value The amplitude 
and average tonus began to increase within 
a minute of the addition of glucose and the 
maximal amplitude was reached within 10 
minutes, and maintained thereafter In this 
experiment, the maximal amplitude follow- 
ing glucose was greater than that initially 
exhibited, in other experiments, the amplitude 
attained after the addition of glucose was 
either equal to, or greater than, but never 
less than, the original amplitude Not 
discernible in the tracing because of the re- 
duction m size, are the number of contrac- 
tions per minute gixen by the intestinal 
segment and the constancy of this frequency 
throughout the experiment, despite marked 
changes in amplitude Under our experi- 
mental conditions, the contractions axeraged 
17 per minute with most of the intestinal 
segments used This uniformity' of contrac- 
tion rate throughout the experiment simplified 
the comparison of the relative effectiveness 
of different substrates in proxiding energy 
for contraction, since the only x amble in- 
troduced consisted of a change m amplitude 
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clinical responses varied considerably m 
severity The difference strongly suggests 
that the amount of effective virus m the 
inoculum had a significant influence upon the 
result If this should not be the case one 
might suggest that a variation m the virus 
had occurred during its 2 passages by par- 
enteral inoculation m human subjects In 
any case the data illustrate the difficulty 
in classifying infectious hepatitis on the basis 
of the incubation period after parenteral in- 
jection of icterogenic serum The relative 
uniformity m the time of onset of jaundice 
in the inoculated individuals indicates, on 
the other hand, that the variation m severity 
of the clinical courses following the same 
inoculum is related to individual susceptibility 

The events demonstrate how, with virus 
m the blood well before the onset of symp- 
toms, infectious hepatitis may be transmitted 
by blood products derived from individuals 
m whom the presence of the virus would be 
entirely unsuspected 

Summary A transfusion of blood from 
an individual m the incipient stage of in- 


fectious hepatitis elicited the first symptoms 
m the recipient after 11 days and jaundice 
after 21 days 

By subcutaneous inoculation of human 
volunteers the virus was demonstrated m 
the serum of the recipient on the eighth day 
after transfusion which was 3 days before 
the first symptoms and 13 days before the 
onset of jaundice Virus was also demon- 
strated m another specimen of serum taken 
6 days later, or 3 days after first symptoms 

The incubation period as measured by the 
onset of jaundice m the 4 subjects who had 
definite illness was 42 to 47 davs, while 
the clinical response varied greatly m severity 

The significance of the results is discussed 

This investigation was made possible by the 
cooperation of Dr Garrett Heyns, Director of 
Corrections, State of Michigan, and Dr W B 
Huntlcj, Medical Director of the State Prison of 
Southern Michigan, J ickson, Michigan, and lus 
staff, to whom the nuthois wish to express their 
appreciation for constant assistance They wish 
ilso to express their indebtedness to the volun 
teeis who partieipited so willing!) and coopeia 
tn el) in the study 
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Sources of Energy for Intestinal Smooth Muscle Contraction *f 

Robert F Furchgott and Ephraim Shorr 
From the Department of Medicine, Cornell University Medical College, and The New Tori 

Hospital, New Tori City 


The rhythmic contractions of a segment 
of rabbit small intestine, suspended m glucose- 
free Tyrode solution, were found by Rona 
and Neukirch 1 2,3 to undergo a gradual and 


- The work described in this paper was done 
under a contract recommended by the Committee 
on Medical Research, between the Office of Sei 
entific Kesearch and Development and Cornell 
University Medical College 

t We are indebted to Dr David Kittenberg for 
samples of enantluc and pelaigomc acids, and to Dr 
Severe Ochoa for the a hetoglutoric acid used in 


this study 

l Neukirch, P , 


and Kona, P, Arch f Physiol 


(F finger’s), 1912, 14 -*> 555 


progressive decrease in amplitude, at which 
time, the addition of certain substances (glu- 
cose, mannose, pyruvic, lactic, acetic, butyric, 
/2-hydro\ybutyric and oxaloacetic acids) 
served to increase and maintain the amplitude 
of contraction, the extent of the increase vary- 
ing with the substance added They at- 
tributed the progressive decrease in the height 
of the contractions in the absence of glucose 
to gradual depletion of the endogenous stores 


2 Bon a, P, and Neukirch, P, Arch / Physiol 
( Pfluoer ’ s ), 1912, 140, 371 

3 Kona, P , and Neukirch, P , Arch f Physiol 
( Pfhwer ’ s ), 1912, 14S, 273 
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of energx -yielding substrates The effective- 
ness of a substance m restoring amplitude 
was considered a measure of its ability to 
sen e as a source of energy for smooth 
muscle contraction More recentlj , Feldberg 
and Solandt/ and Feldberg, 5 m extending 
the work of the earlier investigators, have 
armed at the same conclusions 

Except for the studies cited, the proce- 
dure introduced bj Rona and Neuhirch has 
not been utilized for the investigation of 
the intermediary metabolism of smooth 
muscle If their assumption is correct, that 
the restoration of amplitude is eudence of 
the ability of a substance to provide energy 
for smooth muscle contraction, then the 
method would appear to be unusually well 
suited for such studies The restoration of 
contractility would comprise a more exacting 
and reliable criterion for the evaluation of 
a substrate, than is provided by a rise m 
oxygen consumption alone The latter 
criterion is frequently undependable, the for- 
mer furnishes direct evidence that the energy 
provided by a substance under study is ac- 
tually utilizable for smooth muscle contrac- 
tion 

In the present study the method has been 
employed for a more extensive investigation 
of potential energy-yielding substrates, se- 
lected on the basis of modern concepts of 
intermediary metabolism, and particular at- 
tention has been given to the possible use- 
fulness of fatty acids 

Methods The standard preparation con- 
sisted of a fresh segment, approximately 4 
cm long, from the upper portion of rabbit 
small intestine The segment, with its lumen 
open, was suspended m a 50 cc muscle cham- 
ber, and attached to an isotonic muscle lever 
The lever exerted a tension of 4 g, and re- 
corded the contractions of the longitudinal 
muscle on a kymograph The intestinal 
segment was bathed in glucose-free Krebs- 
Henseleit solution, 0 maintained at 37 5°, and 
aerated with 95% Oj - 5% CO 2 to obtain a 

4 Feldberg, TV , nnd Solandt, O AT , J Physiol , 
1442 , 101 , 137 

3 Feldberg, TV, T Physiol, 1943, 102 , 108 

f Krebs, H A , and Henseleit, K , Z f Physiol 
Chan , 1932 , 210 , 33 


pH of 7 4 

Prior to testing each substance, the spon- 
taneous rhythmic contractions of the longi- 
tudinal smooth muscle were allowed to de- 
crease to about 1/10 to 1/20 of the original 
amplitude This usually required less than 1 
hour and introduced no change in contraction 
frequency At this point, the test substance, 
dissolved m a small quantity of Krebs solu- 
tion, was added to the muscle chamber All 
acids were used m the form of sodium salts 
For each substance tested, the minimal con- 
centration was determined which brought 
about the maximal amplitude of contraction 
of which that substance was capable This 
increase m amplitude was then compared on 
a percentage basis with the maximal change 
which resulted from the addition of glucose 
to the same intestinal preparation 

Results The record of a typical experi- 
ment is reproduced m Fig 1 It illustrates 
the gradual decrease m amplitude and aver- 
age tonus which takes place m the absence 
of substrate as well as the restoration of 
both on the addition of glucose (200 mg %) 
when the amplitude had fallen to about 1/10 
to 1/20 of the original value The amplitude 
and average tonus began to increase within 
a minute of the addition of glucose, and the 
maximal amplitude w T as reached within 10 
minutes, and maintained thereafter In this 
experiment, the maximal amplitude follow- 
ing glucose was greater than that initially 
exhibited , in other experiments, the amplitude 
attained after the addition of glucose was 
either equal to, or greater than, but never 
less than, the original amplitude Not 
discernible in the tracing because of the re- 
duction m size, are the number of contrac- 
tions per minute given by the intestinal 
segment and the constancy of this frequenev 
throughout the experiment, despite marked 
changes m amplitude Under our experi- 
mental conditions, the contractions averaged 
17 per minute with most of the intestinal 
segments used This uniformity of contrac- 
tion rate throughout the experiment simplified 
the comparison of the relative effectiveness 
of different substrates in providing energx 
for contraction, since the only \anable in- 
troduced consisted of a change in amplitude 
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Fig 1 

Exmognph tricing showing decrease m amplitude of intestinal contractions in glucose free solution, 
and lestoiation of contriction amplitude on addition of glucose (it arrow) to proude a concentration 
ot 200 nig % ' 


The second step in the experimental pro- 
cedure — that is, the comparison of the rela- 
tive effectiveness of different substrates m 
supporting smooth muscle contractions — is 
illustrated m Fig 2 The results obtained 
with 4 substrates are expressed in semi-dia- 
grammatic fashion, each contraction wave 
representing approximately 17 contraction 
waves m the actual kymograph tracing With 
the amplitude after addition of glucose as 
the standard of reference, the relative ef- 
fectiveness of the other substrates is as fol- 
lows pyruvic acid, 100%, butyric acid, 


50% , and enanthic acid, 20% 

In Tables I and II, are assembled the re- 
sults obtained with a number of substances 
which proved capable of restoring, m vary- 
ing degrees, the amplitude of smooth muscle 
contraction In Table I, the height of the 
response is compared with that produced by 
glucose, and, for each substance, represents 
the maximal response which it can elicit 
Table II lists the minimal concentration of 
each substrate required to bring about its 
individual maximal increase in amplitude 
Table III lists those substances which failed 
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TABLE I 

“'Uli-'t iUie-> wlucli Increase Amplitude of 
Contraction 


Substance 

Response coinpaicd 
with that of glucose 

GIucow 

ft 

100 

Mannose 

70 oo 

Acetic acid 

100 

Pvrum acid 

100 110 

Oxaloacetic acid 

75 1O0 

d t Lactic acid 

2 0 40 

Acetoaietic acid 

20 30 

Butvrie acid 

40 00 

Caproic acid 

40 00 

Caprrhe and 

40 GO 

Pelargomc acid 

33 43 

Enanthic acid 

15 20 

Valeric icid 

3 10 


to increase the amplitude of contraction Each 
was tested oxer a range of concentration ex- 
tending trom 10 to 100 mg % and found 
to be without influence on the gradual re- 
duction in tone and amplitude of contraction 
characteristic of the preparation in the ab- 
sence of substrate There were 2 exceptions 
acetaldehyde and glyceraldehvde, in concen- 
trations of 100 mg %, exerted a marked 
inhibitory effect, as evidenced by the rapid 
and virtually complete cessation of all con- 
tractile actmtj The inhibition induced by 
acetaldehyde could not be overcome by the 
subsequent addition of glucose pyruvate, 
acetate or lactate, whereas that caused bx r 
glyceraldehvde could be overcome by' pyruvate, 
acetate, or any of the fatty acids listed in 
Table I, but not by glucose or lactate In 
the case of citric acid, which removes Ca ions 
from solution to form a weakly dissociable 

TABLE II 

Mimmil (_ omentrations Necessary lor Maximal 
Inirtases in Amplitude of Contraction 

Minimal concentra 


Substance 

tion m mg 

Glucose 

100 125 

Mannose 

125 150 

d t Lactic aud 

20 30 

Oxaloacetic acid 

20 30 

Acetic acid 

10 11 

Pyruvic acid 

10 15 

Butyric acid 

4-5 

Valeric acid 

3-4 

Caproic acid 

2 3 

Enanthic acid 

1-2 

Oaprvlie acid 

0 5 0 75 

Pelargomc acid 

05 


TABLE III 

Subst mcib which Fail to Increase Amplitude of 
Contraction 


Galactose 

Propionic acid 

Fructose 

HvdroxTaeetic acid 

Glvcogen 

Citric acid 

Glucose 1 phosphate 

Succinic acid 

p Pliosphoglvceric acid 

Fumane acid 

Gh cerol 

a, Ketoglntaric acid 

d,l Glreeraldehvde 

Glycine 

Acetaldehyde 

l(-f) -Alanine 

Ethanol 

1( — )-Aspartic acid 

Acclone 

1(-|-) Glutamic acid 


(Ca citrate) - complex, the precaution was 
taken to add sufficient Ca ions (as CaCL) 
to replace those removed, m order to axoid 
changes in musde tonus which would other- 
xvise hax e resulted from a deficiency of Ca ions 
m the medium 

Fig 3 is a graphic presentation of the 
maximal increases m amplitude obserx ed with 
the series of fatty' acids from acetic through 
pelargomc The greatest increase, which 
equalled that given by glucose, xxas obtained 
xvi th acetic acid The remaining ex’en-carbon 
fattx r acids (butxnc, caproic and caprylic) 
all produced an identical increase m amplitude, 
which xvas approximately 50% of that of 
acetic acid On the other hand, the effects 
of the odd-carbon series of fatty acids were 
strikingly' different Propionic acid was de- 
x'oid of effect The changes in amplitude 
induced by the other members of the odd- 
carbon series were less (x'aleric, enanthic 
and pelargomc) than those obtained with 
exen-carbon fatty' acids, and differed m ex- 
tent with each compound The magnitude 
of response increased as the chain-length in- 
creased Thus the approximate increase with 
valeric acid was 10% with enanthic acid 
20%, and with pelargomc acid 40% of that 
observed with acetic acid 

Experiments of a preliminary character 
have been carried out to investigate the 
mechanisms responsible for the differences 
exhibited by odd- and exen-carbon fatty acids 
If ^-oxidation takes place m smooth muscle, 
as our experiments suggest, the smaller frag- 
ments resulting from this type of degradation 
of the exen-carbon fatty' acids would all be 
utdizable for muscle contraction whereas the 
odd-carbon fatty acids would leave a non- 
utilizable propionic acid residue Since the 
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Fig 1 

Kvmognph tricing shoeing decrease in amplitude of intestinal contractions m glucose free solution, 
and lestoiation of contraction amplitude on addition of glucose (at mow) to provide a concentration 
of 200 mg % 


The second step in the experimental pro- 
cedure — that is, the comparison of the rela- 
tive effectiveness of different substrates in 
supporting smooth muscle contractions — is 
illustrated m Fig 2 The results obtained 
with 4 substrates are expressed m semi-dia- 
grammatic fashion, each contraction wave 
representing approximately 17 contraction 
waves m the actual kymograph tracing With 
the amplitude after addition of glucose as 
the standard of reference, the relative ef- 
fectiveness of the other substrates is as fol- 
lows pyruvic acid, 100%, butyric acid, 


50%, and enanthic acid, 20% 

In Tables I and II, are assembled the re- 
sults obtained with a number of substances 
which proved capable of restoring, m vary- 
ing degrees, the amplitude of smooth muscle 
contraction In Table I, the height of the 
response is compared with that produced by 
glucose, and, for each substance, represents 
the maximal response which it can elicit 
Table II lists the minimal concentration of 
each substrate required to bring about its 
individual maximal increase m amplitude 
Table III lists those substances which failed 
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tors to tollow the addition of fructose to a 
glucose-free medium We also found man- 
nose to be 70-90% as eftective as glucose, 
in contrast with the 25-30% effectiveness 
which thej' observed This latter discrepancy 
may be due to the fact that they did not 
use maximal increases m amplitude as the 
basis for comparison 

The excellent substrate efiect of pyruvic 
acid is m accord with the Me}erhof cycle 
The smaller effect produced by lactate is of 
interest The lack of effects eness of 
glycogen glucose- 1 -phosphate, and /?-phos- 
phogly ceric acid need not be considered evi- 
dence against the occurrence of the Me\erhof 
cycle m smooth muscle since it is questionable 
whether the muscle cells are permeable to 
these substances The same resen ation holds 
for the ineffectiveness of glucose-6-phosphate 
and fructose-1, 6-diphosphate, reported by 
Feldberg 5 

3 Acetic Acid This proved to be an ex- 
cellent substrate, producing contraction ampli- 
tudes equal to glucose and pinnate This 
is compatible with recent obserxations on the 
utilization of acetate by a X'ariety of tissues 
The pathway for the oxidation of acetic acid 
in smooth muscle remains obscure, it does 
not appear to be oxidized to hydroxy acetic 
acid, since the latter had no substrate effect 

4 The Krebs Tricarboxylic Acid Cycle 
Of the acids postulated m this c>cle the 
following were tested and found ineffective 
citric, a-hetoglutaric, succinic and fumaric 
Oxaloacetic acid exerted a good substrate 
effect However, the exceptional hehaxiour 
of oxaloacetic acid prompts the suggestion 
that it may have exerted its effect only after 
decarboxylation to the readily oxidizable 
pyruvic acid The ineffectiveness of succinic 
acid is m accord with m vitro metabolic ex- 
periments with strips of dog intestinal smooth 
muscle (unpublished data) In these experi- 
ments carried out at reduced Oj tensions, 
the increased O 2 uptake in the presence of 
succinic acid failed to increase the concen- 
trations of phosphocreatine and adeny'lpyro- 
phosphate, the high energv phosphates es- 
sential for muscle contraction These results 
provide no support for the participation of 
the postulated tricarboxylic acid c\ cle m the 


activity metabolism of smooth muscle and, 
by the same token, would exclude the cycle 
as a pathway for the oxidation of pyruvic 
and acetic acids 

5 Amino Acids In conformity' with the 
earlier observations of Neukirch and Rona, 2 
the amino acids studied were found to exert 
no substrate activity' This was of particular 
interest with respect to alanine and aspartic 
acid, since their corresponding keto-acids, 
pyruvic and oxaloacetic, are extremely effec- 
tive Apparently, intestinal smooth muscle 
is unable to deaminate these ammo acids to 
their keto forms 

6 Ketone Bodies Neukirch and Rona 2 
had previously reported a small increase m 
amplitude with /?-hy droxybutyric acid We 
have observed an effect of similar magnitude 
with acetoacetic acid, but none with acetone 
Should the lack of utilization of acetone prove 
to be a general phenomenon, it might provide 
an explanation for the readiness with which 
acetone appears in the urine even with mild 
disturbances m fat metabolism 

7 Fatty Acids The difference in the ef- 
fects observed with odd- and even-carbon 
fatty' acids strongly' suggests that /J-oxidation 
takes place m intestinal smooth muscle Thus, 
butyric, caproic and caprylic, which can all 
be completely degraded to 2 -carbon frag- 
ments, are all equally' effective as substrates 
On the other hand, propionic acid, which is 
not susceptible of /i-oxulation, is ineffective, 
and the remaining odd-carbon fatty' acids 
studied, all of which would leave a propionic 
acid residue on ^-oxidation, have a smaller 
effect than those of the even-carbon series 

An explanation for the identical effects of 
the even-carbon fatty' acids may' be that they' 
all undergo /?-oxidation at the same enzymie 
surface, and that, once this surface is saturat- 
ed with any' one of them, /3-oxidation then 
proceeds at the same rate Support for this 
hypothesis is provided by' the fact that once 
a maximal increase m amplitude is induced 
by any one of the senes, the subsequent ad- 
dition of another results in no further increase 

Our experimental results also permit a 
tentative explanation for the smaller effects 
of the odd-carbon acids (valeric, enanthic, 
pelargonic) as well as for the increase in 
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fittx acids in restoiwg amplitude of contraction 
of intestinal smooth muscle following prior ex 
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propionic residue would be formed at the 
surface of the postulated ^-oxidation enzyme, 
it might conceivabfy compete for this surface 
with the unaltered fatty acid or its oxidizable 
fragments This concept was explored by 
adding propionic acid in concentrations of 
10-30 mg Jo to muscle preparations contract- 
ing under the influence of butyric or caprylic 
acid, in concentrations of S 0 and 0 75 mg Jo 
respectively In each instance, 30 mg Jo of 
propionic acid served to reduce the amplitude 
of contraction by about 80% This inhibi- 
tion, however, could subsequently be over- 
come by doubling the concentrations of 
butyric or caprylic acid 

The observation was also made that rela- 
tively high concentrations of enantlnc, 
caprylic and pelargomc acids completely 
inhibited smooth muscle contraction The 
effective concentrations varied with different 
intestinal preparations and were as follows 
enanthic 50-200 mg %, caprylic 25-150 mg 
J 0 and pelargomc 20 mg % (1 experiment) 
This inhibition was not overcome by the ad- 
dition of glucose, pyruvic acid, or acetic acid 
However, it proved to be a reversible inhibi- 


tion, since contractility was restored when 
the fatty acid was washed out and replaced 
with fresh Krebs solution 
Discussion 1 Mode of Action oj Sub- 
stances Which Restore Contractility Those 
substances which restore contraction amplitude 
may act either as substrates or pharmacological 
agents All the evidence so far accumulated, 
although indirect, appears to favor the sub- 
strate concept Rona and Neuhirch 1 ob- 
served a reduction m glucose and mannose 
content during a 2^4 -hour period of active 
contractions More specific evidence against 
a pharmacological action was provided by 
Feldberg and Solandt 4 The addition of 
acetylcholine during a period of diminished 
activity in a glucose-free Tyrode solution pro- 
duced a relatively small increase m tonus, 
sustained for less than a minute However, 
following the restoration of amplitude by 
glucose or pyruvate, acetylcholine produced a 
marked and well-sustained increase m tonus 
From this it was inferred that glucose and 
pyruvate do not increase smooth muscle ac- 
tivity by increasing the production of acetyl- 
choline, and that this agent could evert its 
pharmacological effect only when energy for 
contraction was provided by appropriate sub- 
strates These experiments have been con- 
firmed and extended in our laboratory, with 
the observation that large and sustained in- 
creases in tonus may also be obtained with 
acetvlchohne after the restoration of amplitude 
by fatty acids, such as acetate and butyrate 
Although this evidence is indirect, we favor 
the substrate concept over the pharmacologi- 
cal, paiticularly in view of the conformity 
of much of the data obtained with prevailing 
views of intermediary metabolism The dis- 
cussion of our results has therefore been based 
on the concept that the capacity of a sub- 
stance to augment and sustain contraction 
amplitude is derived from its ability to pro- 
vide energy for smooth muscle contraction 
2 Carbohydrate Senes Of the hexoses 
studied only glucose and mannose yielded 
energy for contraction, galactose and fructose 
were ineffective In 2 respects our findings 
differ from those of Feldberg and Solandt 4 
We failed to find the increase m reactivity 
to acetylcholine reported by these mvestiga- 
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Fig li mil 1) Sinoniriuiltr block following subepicnrdnl uijc<-tion of stropbosid it the lower end 
of t ho «iuus node 


m patients with arteriosclerosis of the sinus 
node arteries is also to be expected It is 
difticult to explain, however, the sinoauricular 
block which follows the administration of 
digitalis or the form which is occasionally 
seen m patients with myocardial involvement 
The sinus node represents a relatively large 
structure with a length of more than 25 mm, 
it is united with the common auricular fibers 
by innumerable junctional fibers which spread 
in all directions Furthermore one must 
assume that all specific fibers of the sinus 
node are able to form automatic stimuli 
It is hard to conceive how any but a very 
extensive process could lead to a sinoauricular 
block the simultaneous periodical block of 
the sinoauricular conduction in all junctional 
fibers due to digitalis action seems impossible 

Therefore for many' years Lew is spoke only' 
of “sinoauricular block, so-called” 1 2 and Clerc 
discusses le blocage sinoauriculaire ou 
suppose tel - 

In complete accord with these facts was 
the experience that in order to obtain 
sinoauricular block experimentally it is neces- 
sary to isolate the sinus node on all 4 sides 3 * 
to clamp the sinus node artery and thus 
damage the tissue of the whole node 1 or to 
inject pituitary extracts which cause coronarv 
spasm 5 All experimentators w ho have tried 
to produce a sinoauricular block agree that 
this disturbance cannot be easilv created 

In experiments which were performed for 
other purposes we registered electrocard io- 

1 Lewis T , The mechanism and 'trophic tcoistra 
lions or the heart heat London, 1023 

2 Cleri A Lcs arythmies cn cUtuqne Pins 1Q25 
Colin A E , Kessel, L mil Alison H H , 

JTrort tWU 12, 3, All 

ASUiorf D , Z f d pcs exp Med 1027, 
37 1S6 

‘ Relink XV H, Arch Int Med, 1025, 30, 7SS 


grams showing sinoauricular block The 
method by which these tracings were obtained 
seems worth reporting because it may serve 
to explain some of the clinical cases of 
sinoauricular block 

Experimental Results In experiments m 
which extrasystoles were induced by' the lo- 
cal application of digitalis or strophanthm 
to the sinus node area, 0 the subepicardial in- 
jection of these drugs led in some instances 
to immediate cardiac standstill and to tem- 
porary arrhythmias These disturbances ap- 
peared so soon after the application that it 
seemed unlikely that they' are due to a spe- 
cific effect of the injected drugs It was 
actually found that hypertonic solutions of 
barium, sodium or calcium chloride evoked 
the same effect when injected 

Dogs were used in all experiments During 
anesthesia with morphine and nembutal the 
heart was exposed while artificial respiration 
was started The subepicardial injection was 
done with a fine needle, attached to a tuber- 
culin syringe The amount injected never 
exceeded 0 1 cc The epicardium always be- 
came detached at the site of injection and 
was visible as a grey covering over a small 
vesicle The arrhythmias could be initiated 
from all areas of the sinus node but they ap- 
peared most often if the injection was made 
at the lower end of the node In some 
experiments the same disturbances of rhy thm 
were also obtained when the injection was 
made a few millimeters beyond the sinus 
node area toward the appendix of the right 
auricle 

Fig la was obtained m an experiment 
m which strophosid was injected at the lower 
end of the sinus node A regular sinus 
rhy thm existed with a rate of 127-136, that 
is the single cycles measured between 0 44 

vScherf, U F.i p Med and Sttrq , 1 P 44 , 2, 7(1 
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amplitude with the increase m chain-length 
The /3-oxidation of odd-carbon fatty acids 
should in every instance leave a non-u tihzable 
propionic acid residue Propionic acid has 
been found to reduce the effectiveness of 
even-carbon fatty acids as substrates, an in- 
hibition which can be overcome by raising 
the concentration of the utilizable fatty acid 
This suggests the competition of propionic 
acid for the surface of the /2-oxidation enzyme 
With the odd-carbon senes, the competition 
between the propionic residue and the un- 
altered acid and its /?-o\idizable fragments, 
would explain the smaller effects of this series 
This competition should become less effective 
as the chain-length increased, since the /3-oxi- 
dizable portion would progressively increase 
relative to the propionic acid residue 
One other factor may also contribute m 
part to the greater effectiveness of the odd- 
carbon fatty acids of longer chain-length 
It was observed, for the whole senes of fatty 
acids, that, as the chain-length increased, 
progressively smaller concentrations were re- 
quired to produce maximal amplitude effects 
An explanation for this finding may reside 
m the greater affinity of the longer-cham 
fatty acids for the ^-oxidation enzyme sur- 
face, a concept which, derives support from 
the increase in the adsorption coefficients 
of fatty acids at surfaces, as chain-lengths 
increase With respect to the odd-carbon 


series, such an affinity relationship would act 
to the advantage of the longer-cham members 
in their competition with propionic residues 

No information is at present available as 
to the usefulness of higher fatty acids such 
as oleic, palmitic, and stearic, as substrates 
for smooth muscle contractility, because of 
the extremely low solubility of their -odium 
salts m Krebs solution They were ineffective 
in dilute suspensions + 

Summary A number of substances have 
been studied with respect to their influence 
on the contraction of excised segments of 
rabbit small intestine The results have been 
discussed in relation to present concepts of 
intermediary metabolism Particular atten- 
tion has been given to fatty acids, from 
propionic through pelargomc With the ex- 
ception of propionic, all appear to provide 
energy for smooth muscle contraction, and 
the characteristics of their behaviour were 
compatible wuth the concept of ^-oxidation 

t Since tins mamisenpt was submitted oleic 
acid Ins been found to partiall} icstoio contnc 
tion implitude It was mtioduced as a sodium 
ole itc sol (100 mg %) m water along with enough 
NaCl to umntam jsofomcitj The effeetne ion 
eentiation of oleic acid could not be determined 
bcc mse of its partial pi ecipitation 

We wish to acknowledge the technical issistance 
of Mathilda Fiatlil, Alice Kantoi, and Bit i Bail i 
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Experimental Sinoaunculai Bloch * 


David S 

IX oni the Mcdual Department 

Smoauricular block is a rare disturbance 
either of stimulus formation in the sinus node 
or of transmission of the stimulus to the 
auricle In analogy with tracings obtained m 
aunculoventricular conduction disturbances, 
smoauricular block is diagnosed whenever, 


*The expenses of tins imestigitwn were de 
fraved In a grant from the United Hospitals Fund 


Xcw Tot J Medical College 

wuth a regular smus mechanism, pauses occur 
without evidence of auricular activity These 
pauses are more or less approximate multi- 
ples of a normal period 

\ disturbance of stimulus formation m the 
smus node or of stimulus conduction in the 
smoauricular junctional fibers is understanda- 
ble during vagus stimulation or carotid pres- 
sure, the occurrence of smoauricular block 
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Fig ti mil li Sinoniricultr block following suljcpiordnl injection of stropliosid it the lower end 
of the minis node 


m patients with arteriosclerosis of the sinus 
node arteries is also to be expected It is 
difficult to explain, however, the sinoauncular 
block which follows the administration of 
digitalis or the form which is occasionally 
seen in patients with myocardial involvement 
The sinus node represents a relatively large 
structure with a length of more than 25 mm, 
it is united with the common auricular fibers 
by innumerable junctional fibers which spread 
m all directions Furthermore one must 
assume that all specific fibers of the sinus 
node are able to form automatic stimuli 
It is hard to conceive how anv but a \ery 
extensive process could lead to a sinoauncular 
block the simultaneous periodical block of 
the sinoauncular conduction in all junctional 
fibers due to digitalis action seems impossible 

Therefore for many years Lew is spoke only 
of “sinoauncular block, so-called’ 1 2 and Clerc 
discusses ‘ le blocage sinoauriculaire ou 
suppose tel - 

In complete accord with these facts was 
the experience that m order to obtain 
sinoauncular block expenmentalh it is neces- 
sary to isolate the sinus node on all 4 sides 3 4 
to clamp the sinus node artery and thus 
damage the tissue of the whole node, -1 or to 
inject pituitary extracts which cause coronary' 
spasm 3 All expenmentators who have tried 
to produce a sinoauncular block agree that 
this disturbance cannot be easily created 

In experiments which were performed for 
other purposes we registered electrocardio- 

1 Lewis T, The mechanism and nraplnc ran '•Ira 
iions or the heart heat London, 1025 

2 Cler( A , Lcs arythmics cn chniquc Pins 1025 

3 Colin A E , Kessel, L , 'lint Xl'ison, H H , 
Heart, ion 12, 3, 111 

4 Scliorf D , Z f d qcs exp Med, 1027, 
o7 1SS 

3 Re-nik XV H , Jr eh Ini Med 1025, 30, 7SS 


grams showing sinoauncular block The 
method by which these tracings were obtained 
seems worth reporting because it may serve 
to explain some of the clinical cases of 
sinoauncular block 

Experimental Results In experiments in 
which extrasy stoles were induced by' the lo- 
cal application of digitalis or strophanthin 
to the sinus node area,® the subepicardial in- 
jection of these drugs led m some instances 
to immediate cardiac standstill and to tem- 
porary arrhythmias These disturbances ap- 
peared so soon after the application that it 
seemed unlikely that they are due to a spe- 
cific eflect of the injected drugs It was 
actually found that hypertonic solutions of 
barium, sodium, or calcium chloride evoked 
the same effect when injected 

Dogs were used m all experiments During 
anesthesia with morphine and nembutal the 
heart was exposed while artificial respiration 
was started The subepicardial injection was 
done with a fine needle, attached to a tuber- 
culin sy'rmge The amount injected never 
exceeded 0 I cc The epicardium always be- 
came detached at the site of injection and 
was visible as a grey covering over a small 
vesicle The arrhythmias could be initiated 
from all areas of the sinus node but they' ap- 
peared most often if the injection was made 
at the lower end of the node In some 
experiments the same disturbances of rhythm 
were also obtained when the injection was 
made a few millimeters beyond the sinus 
node area toward the appendix of the right 
auricle 

Fig la was obtained in an experiment 
in which strophosid was injected at the lower 
end of the sinus node A regular sinus 
rhythm existed with a rate of 127-136 that 
is, the single cycles measured between 0 44 


1 Scherf, D Exp Med and Sure ; , 2 P 44 , 2, 70 
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Fig 2 (top) 2 1 smo-iuncuhr block after injection of «i 2% solution of sodium tfiioink over 
low ci end of smus node 

Fig 3 (bottom) Smus block nnd a i rliythm aftei injection ot 10% solution of sodium chloride 
o\ev the middle portion of the smus node 


and 0 47 second Immediately following the 
injection, pauses occurred in the otherwise 
regular rhythm Fig la was registered about 
10 seconds later After the first and the 
third beats in Fig la pauses appear t which 
measure 0 90 second, that is, they are equal 
to 2 \ 0 45 second The third pause in the 
tracing is 1 06 seconds long but it is terminated 
by an auricular beat with a different P-wave, 
originating presumably m a different focus 
The fourth pause m the tracing is 1 40 sec- 
onds long (3 x0 47 second), and the last one 
measures 2 42 seconds (5\0 48 second) 
About 2 minutes later, with smus periods of 

0 44 to 0 48 second (Fig lb) the pauses 
were O 88 and 0 96 second long, exactly twice 
the length of a normal period From the 
length of these pauses and from their com- 
parison with the other smus periods, the 
conclusion is justified that the tracings ex- 
hibit smoauricular block 

In some of the other experiments a marked 
bradycardia appeared following the injection 
and the rate then suddenly doubled Thus 
the tracing of Fig 2 was recorded after the 
injection of 0 1 cc of a 2% solution of sodium 
chloride into the lower region of the smus 
node, the P-waves m this experiment were 
unusually tall and they are therefore fol- 
lowed by pronounced Ta-waves The length 
of the first 4 long periods measures 1 26, 1 25, 

1 24 and 1 23 seconds The following short 
periods measure 0 67, 0 66, 0 66, and 0 64 
second It is well known from clinical and 
from experimental smoauricular block that 
the long period caused by the block is 


usually shorter than 2 normal periods 
The effect of the subepicardial miection 
of a 10% solution of sodium chloride over 
the middle of the sinus node is visible m 
Fig 3 The tracing w'as obtained a few sec- 
onds after the injection The length of the 
first 2 periods at the beginning of the tracing 
measures 0 36 and 0 34 second The period 
following has a length of 0 72 second (2 \ 0 36 
second) Then for 3 60 seconds (10x036 
second) no P-wa\es are visible and atrioven- 
tricular rhythm prevails Following this long 
cessation of the norma! smus mechanism a 
sinus period of 0 38 second can be measured 
The next long pause measures 2 34 seconds 
(6x0 39 second) and the last short one is 
038 second After the disappearance of the 
smus block, injection with Digdamd C was 
repeated over the same area and the same 
result was obtained 

In the majority of cases the disturbance of 
the activity of the sinus node appeared so 
quickly that the end of the first (and usually 
longest) standstill could just be recorded 
after the injection was completed In other 
experiments the arrhythmia appeared after 
about one minute, and only' exceptionally' a 
little later The disturbance never lasted 
longer than 6 minutes 

In view of the appearance in an otherwise 
regular rhythm of pauses having a length 
which is a multiple of a normal period and 
during which evidence of auricular activity 
is missing, smoauricular block mav be as- 
sumed to" exist m these tracings In many 
tracings there was no standstill of the heart 
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Fig 4 a b anil c Following repented miction of a 2 C , C solution ot sodium ehloiule over different 
portions of the sinus node the some tipe of sinonuncul'u block appeals, severing of both vagi does not 
change the lesult 


as in Fig 1 and 2 but an atriov entricular 
nodal rhuhm appeared as in Fig 3 In 
some ot these cases the inverted P-waves 
preceded the ventricular complexes at a nor- 
mal distance (coronary smus rhythm) m 
other cases P -naves were not visible and were 
probably buried in the QRS-complexes in 
rare cases they appeared even after the QRS- 
complex but before the T-wave (loner 
aunculov entricular rhythm) Interference be- 
tween sinus and aunculoventricular rhvthm 
was also seen 

\\ hene\ er the sinus node centers are in- 
hibited the ‘ secondary ' centers in the 
aunculoventricular node perform the duty of 
pacemaker of the heart The automaticitv 
of these centers is only slighth less developed 
than that of the smus node centers and often 
it is equallv high Therefore it has been 
repeatedlv pointed out that m order to obtain 
tracings with bradycardia or long standstill 
as m Tig 1 and 2, not only is a damage of 
the sinus node necessary 7 , but also an ad- 
ditional depression of the centers of the 
aunculoventricular node 17 

In 47 experiments onlv 9 instances of 

"Ecstvr, T A E, amt Meek XV J Jicli 7nf 
tf<cf lot; 117 


sinoauricular block like Fig 1 and 2 were 
observed In 14 other instances onlv 
deeper centers of the aunculoventricular node 
became active as m Fig 3 In several ex- 
periments repitition of the same injection or 
injection of other substances produced the 
same results as the first injection 

Severing of both vagi in the neck did not 
influence the results 

In the experiment in which Fig 4 was 
obtained, subepicardial injection of a 2% 
solution of sodium chloride over the head 
of the sinus node led to a change of rhy thm 
The first beat m Fig 4a is an automatic 
‘ escape beat The second is preceded by 
a P-wave of abnormal appearance and is 
probably conducted from some lower area 
of the sinus node After 1 33 seconds (2 x 0 66 
second) another smus beat appears The 
following sinus beat comes after a pause of 
195 seconds (3 x0 65 second) This long 
pause is also shortened by an escaped beat 
from a deeper center The length of the 3 
following smus periods measures 0 66, 0 65, 
and 0 65 second The longer pauses there- 
fore closely approximate double and triple 
the length of one normal period 

Fig 4 was obtained from the same animal 
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Fig 2 (top) 2 1 sraoiuricul'ir block after injection of i 2% solution of sodium ehlonde over 
louej end of sinus node 

Fig 3 (bottom) Sinus block and a v rhythm after injection of 10% solution of sodium chloride 
oi or the middle portion of the sinus node 


and 0 47 second Immediately following the 
injection, pauses occurred m the otherwise 
regular rhythm Fig la was registered about 
10 seconds later After the first and the 
third beats in Fig la pauses appear t which 
measure 0 90 second, that is, they are equal 
to 2 \ 0 45 second The third pause in the 
tracing is 1 06 seconds long but it is terminated 
by an auricular beat with a different P-wave, 
originating presumably m a different focus 
The fourth pause in the tracing is 1 40 sec- 
onds long (3 x 0 47 second), and the last one 
measures 2 42 seconds (5 \ 0 48 second) 
About 2 minutes later, with sinus periods of 

0 44 to 0 48 second (Fig lb) the pauses 
were 0 88 and 0 96 second long, exactly twice 
the length of a normal period From the 
length of these pauses and from their com- 
parison with the other sinus periods, the 
conclusion is justified that the tracings ex- 
hibit smoauncular block 

In some of the other experiments a marked 
bradycardia appeared following the injection 
and the rate then suddenlj' doubled Thus 
the tracing of Fig 2 was recorded after the 
injection of 0 1 cc of a 2% solution of sodium 
chloride into the lower region of the sinus 
node, the P-waves m this experiment were 
unusually tall and they are therefore fol- 
lowed by pronounced Ta-waves The length 
of the first 4 long periods measures 1 26, 1 25, 

1 24 and 1 23 seconds The following short 
periods measure 0 67, 0 66, 0 66, and 0 64 
second It is w'ell known from clinical and 
from experimental smoauncular block that 
the long period caused by the block is 


usually shorter than 2 normal periods 
The effect of the subepicardial imection 
of a 10% solution of sodium chloride over 
the middle of the sinus node is visible m 
Fig 3 The tracing was obtained a few sec- 
onds after the injection The length of the 
first 2 periods at the beginning of the tracing 
measures 0 36 and 0 34 second The period 
following has a length of 0 72 second (2x0 36 
second) Then for 3 60 seconds (10 \ 0 36 
second) no P-waves are visible and atrioven- 
tricular rhythm prevails Following this long 
cessation of the normal sinus mechanism a 
sinus period of 0 38 second can be measured 
The next long pause measures 2 34 seconds 
(6x0 39 second) and the last short one is 
0 38 second After the disappearance of the 
sinus block, injection with D igilamd C was 
repeated over the same area and the same 
result was obtained 

In the majority of cases the disturbance of 
the activity of the sinus node appeared so 
quickly that the end of the first (and usually 
longest) standstill could just be recorded 
after the injection was completed In other 
experiments the arrhythmia appeared after 
about one minute, and only exceptionally a 
little later The disturbance never lasted 
longer than 6 minutes 

In view of the appearance in an otherwise 
regular rhythm of pauses having a length 
which is a multiple of a normal period and 
during which evidence of auricular activity 
is missing, smoauncular block mat be as- 
sumed to exist m these tracings In many 
tracings there was no standstill of the heart 
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(Introduced bj B B Rubenstem ) 

From the Toxicity Section, Medical Dmsion, Edgciiood Arsenal, Md 


During the course of an investigation of 
the effects of phosgene on the respiratory ex- 
change of normal animals, it was found that 
the available literature contains no informa- 
tion on the respiratory exchange m the 
restrained unanesthetized, non-fasting nor- 
mal Macaca mulatto (Rhesus monkey) despite 
the extensive use of this species in laboratory 
investigations To facilitate the evaluation 
of metabolic, inhalation, and other studies m 
monkeys and to permit comparison with the 
data for other species, the average respiratory 
rate, tidal air, and minute volume were 
measured m 39 unanesthetized, untrained, 
non-fasted macaques Tidal air and minute 
volume were calculated m terms of both 
body weight and body surface area, in an 
effort to determine which of the latter pro- 
vides the better basis for expressing respira- 
tory data m this species 

Several months after the original investiga- 
tion had been completed, it was felt that 
it would be interesting to include with the 
other data the respiratory exchange, metabolic 
rate, and coefficient of oxygen utilization in 
non-basal monkeys Such determinations 
were made on the 4 animals remaining in 
the laboratory colony 

Methods Immediately before the experi- 
ment, the unanesthetized, untrained monkey 
was weighed and restrained in a spread- 
eagled, supine position on an animal board 
Then, to reduce external stimuli, the eyes 
and ears were carefully bandaged, and the 
board was raised to the vertical plane to 
approximate more closely the semi-erect, nor- 
mal, simian posture By means of a face- 
piece, formed with elastic, adhesive bandage, 
and low resistance respiratory valves, 1 J the 

- 1 ipt , cw S, AXIS 

t Capt , MC, AUS 

i Tobins, J M , -uid Weston, R E , xu press 

- eston, R E, nnd Kitcl, L , m pi ess 


exhaled air was directed into a 4 5 liter 
McKesson Metabolor, giving a continuous 
record of time, volumes respired, and indi- 
vidual expirations The carbon dioxide ab- 
sorbent and the filters were removed from 
the spirometer to prevent the absorption of 
carbon dioxide from the exhaled air and to 
reduce the resistance of the system Neither 
the method for restraining the animals nor 
the facepiece-valve-spirometer system offered 
any interference to respiration 

On the basis of dentition and body weight, 3 
the age of the monkev s was estimated to 
range from 14 to 36 months Ml were 
sacrificed subsequently, and autopsies were 
performed Only normal animals are reported 
in this senes A diet of fruits, purina fox 
chow, and water was given ad libitum prior 
to the experiment No sedation of any kind 
w r as administered except as noted below The 
approximate mean room temperature and 
relative humidity were 76°F and 47 6 
respectively 

To give an indication of the state of ex- 
citement of the animals, pulse rates were de- 
termined within 60 seconds after the com- 
pletion of each respiratory record Dunng 
the period of observation, which w r as from 
10 to 2 8 minutes, the animals were rela- 
tively quiescent Whenever an occasional 
animal did struggle, the records were dis- 
carded and the experiment repeated 

The respiratory and metabolic data on the 
4 macaques were obtained by use of an 
oxygen-filled, calibrated 300 cc spirometer 
with an absorber for the exhaled CO 2 Oxy- 
gen consumption w 7 as measured in the usual 
manner for indirect calorimetry Inasmuch 
as at the later date satisfactory elastic, ad- 
hesive bandage was not available for the 

3 Haitmau, C G, and Straus, W L, Jr, The 
Anatomy of the Jthcsus Mo nicy, Williams and 
WilXens Co , Baltimore, 1931 
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about 20 minutes later Again a bradycardia 
with a period of 1 36 seconds (2 x 0 68 second) 
appeared after injection of 0 1 cc of a 2% 
solution of sodium chloride at the lower end 
of the sinus node A few minutes later both 
vagi were severed m the neck and a regular 
sinus rhythm was obtained with large posi- 
tive P-waves and a rate of 125 beats per 
minute with each period measuring 048 
second The injection was then repeated at 
the same area and the same tracing as before 
was obtained A bradycardia appeared 
(Fig 4c) with P-waves of the same abnormal 
appearance as those following the previous 
injections, and the length of the period is 
again 1 36 seconds Between Fig 4b and 
Fig 4c, 9 QJRS-complexes were cut out 

Discussion The tracings described m the 
preceding section show that focal mechanical 
stimulation of the tissue m the neighborhood 
of the smus node may lead to the appearance 
of sinoauricular block It is difficult to 
assume any other than a reflex mechanism 
on the smus node tissue for this disturbance 
A reflex vascular spasm of the arteries sup- 
plying the smus node would not lead to the 
immediate appearance of the changes of 
rhythm described above, it would not cause 
their appearance for from one to 3 minutes 
It was impossible to decide whether the in- 
hibition concerns stimulus formation or con- 
duction of the stimulus from the smus node 
to the auricle 

The same reflex inhibition which leads to 
sinoauricular block m some instances also 
depressed the automaticity m the auriculo- 
ventricular centers so that long cardiac stand- 
still resulted 


It is possible that focal lesions m the 
smus node or in the surrounding tissue, for 
instance an inflammation as m the case of 
Hume* cause sinoauricular block by a similar 
reflex mechanism The same mechanism may 
explain cases of rheumatic fever and smus 
block Here also, focal mflammaton lesions 
frequently occur Otherwise sinoauricular 
block could be expected only if the lesion 
destroyed all but a small area of the sinus 
node tissue, and all but one of the junctional 
bridges between the smus node and the sur- 
rounding auricular muscle 
The instances of sinoauricular block fol- 
lowing digitalis medication, comprising ap- 
proximately 50% of the known cases " 10 can 
be explained only with difficulty The oc- 
currence of focal myocardial lesions following 
huge doses of digitalis is known, but these 
lesions have never been seen with certainty 
m man, even if they do occur, they can be 
expected only after much larger doses than 
those which usually suffice to elicit sino- 
auricular block 

Stmmaiy The subepicardial injection of 
0 1 cc of digitalis or of a strophanthm 
preparation, as well as of other substances, 
over the sinus area leads to the immediate 
but transient appearance of sinoauricular 
block This phenomenon is attributed to a 
reflex inhibition of the smus node centers 
caused by the mechanical stimulus and not 
to a specific effect of the injected substances 
In some instances the centers of the aunculo- 
%'entricular node are also inhibited 

s H uhh W E, Hem t, 1Q13 14, 5, 2o 
'* Billow, P, Lancet, 1927, 1, G3 

s A , Aich Ini Med, l*Ut» 17 153 
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TABLE ir 

Be?piritory Dili on Monkeys Before md During: Exposure to a Phosgene Coueentr ition of 
" 1 3S mg per Liter 

Respintori rite 

per nun Avenge tidal air Minute volume 

Evper , , / — — ■ s f w 

conditions Mean c c Me me t Mean c c 

cc cc ee ceAg eeAg ee/k g eeAg eeAg ccAg 
Normal 37 C G 6 11 10 1 2 S 0 3 3S3 120 21 

respiration 

Respiration 29 0 10 7 IS GS 19 0 3 1SS 72 5 119 

during phosgene 

exposure 


eter records These data are summarized 
in Tables I and III 

Body surface areas in square centimeters 
were calculated from the formula 
S = KXX-v 

where IV is the weight m grams and K is a 
constant which, for monkeys, equals 117 
with an average deviation of — 5 4% 4 The 
arithmetic means, standard deviations, stand- 
ard errors, and coefficients of variation were 
determined in the usual manner 5 * 

Under the conditions of these experiments, 
young adult Macaca mulatto, weighing 2 63 
kg on the average, had a respiratory rate of 
37 6 per minute (coefficient of v anation = 
17 4 Jo), a mean tidal air of 26 8 cc (c v = 
32 5%), and a mean minute volume of 1014 
cc (c v = 39 7%) Expressed in. terms of 
body weight or body surface area, the mean 
tidal air was 10 1 cc per kilogram (c v = 
28 2%) or 119 6 cc per square meter (c v = 
28 0%), and the mean minute volume was 
383 cc per kilo (c v = 33 7%) or 4532 cc 
per square meter (c v — 34 3%) 

Because the calculation in terms of body 
surface area yielded no smaller coefficient of 
variation than did the simple expression in 
terms of body weight, minute volumes were 
calculated in terms of another unit, the bod} 
weight m kilograms raised to the 0 73 power 
which has been recommended as the basis 
of reference for metabolic and other data c 

4 Lee, M O , and Fox, E L , Am J Physiol , 
1933, IOC, 91 

•* Eishcr, R A , Statistical Methods for Sescarch 

tTorlcrs, Sth l,d , G E Steehert and Co, New 
York, 1941 

0 Benedict, F G 1'itai Energetics, Carnegie 
Inst Wash Publ Xo 503, Wasi) , 193S 


Hones er this calculation resulted m the fol- 
lowing expression for the minute volume 
Minute v olume in cc = 499W 0 73 
(standard denation (<r) ~ dz 173 2, standard 
error (c) = dz 27 7) with a coefncient of 
variation of 34 7% which is no smaller than 
that obtained from the calculations m terms 
of either the surface area or the body weight 
to the first power 

The average pulse observed m these un- 
anesthetized, untrained monkeys was 215 per 
minute (cv =127%), a value which is 
apparently too high for the basal state With 
the exception of the report by Hartman 
ct at 7 on fetal and maternal heart rates, there 
are no data on the pulse rates of un- 
anesthetized, untrained, normal macaques in 
the available literature for comparison The 
rates reported by Hartman ct al however, 
agree well with those found for normal non- 
gravid macaques in the present report Al- 
though it was hoped that the pulse rate would 
sen e as an index of the degree of excitability 
of the individual animals no distinct cor- 
relation could be made between pulse rate and 
any of the respiratory data 

A comparison of the data obtained on the 
normal monkeys pnor to and dunng their 
exposure to phosgene (Table II) indicates 
the extent of inhibition of the respiratory 
exchange during contact with the noxious 
vapors 2 Whereas the uninhibited monkeys 
had a mean respiratory rate, tidal air, and 
minute volume of, respectively*, 37 6 per min- 
ute, 10 1 cc/ kg, and 3S3 cc/kg. the cor- 
responding values during phosgene exposure 

7 Hirtmn, C G , Squier, B R , anti Tinkle- 
piugh, O L, Peoc Soc Exp Biol, axd Med, 
1930 31, 28, 2S5 
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TABLE I 

Sumiinn of Respuotory Data foe Macaco mulatto 


Tidal air Minute volume 


Sev 

Wt 

kg 

Suifnce 

m2 

Pesp 
pci xmn 

r 

CC 

ceAg 

' ”■ A 

CC/lH 2 

CC 

ccAg 

' ' ' " A 

cc/m2 

Pulse 
per nun 


199 

185 

37 

19 4 

97 

104 8 

714 

359 

3790 

187 

M 

2 02 

187 

29 

24 G 

jo o 

131 2 

700 

347 

3740 

208 

M 

2 03 

187 

15 

198 

98 

106 0 

886 

436 

4730 

1SS 

31 

2 07 

190 

35 

19 0 

92 

100 5 

061 

319 

3512 

214 

31 

2 19 

19S 

34 

15 9 

73 

SOb 

544 

249 

2754 

210 

31 

219 

IDS 

11 

21 3 

9 7 

107 5 

948 

433 

4791 

240 

F 

2 19 

19S 

31 

17 7 

81 

89 4 

554 

253 

2805 

228 

F 

2 21 

1 99 

41 

17 5 

7 S 

SS2 

710 

324 

3001 

164 

F 

2 21 

200 

17 

19 2 

80 

90 2 

901 

402 

4503 

230 

F 

2 32 

205 

37 

21 G 

93 

105 0 

796 

343 

39 29 

240 

31 

2 35 

207 

30 

20 2 

112 

120 7 

931 

390 

4S9S 

218 

31 

2 33 

21S 

35 

31 0 

1° 2 

142 3 

1075 

425 

4935 

198 

F 

2 53 

21S 

13 

24 9 

9 9 

114 7 

1069 

422 

4910 

216 

F 

2 31 

218 

10 

on rf 

89 

104 0 

908 

358 

4173 

190 

F 

2 51 

219 

31 

22 0 

8 0 

100 7 

752 

295 

3440 

224 

F 

2 50 

219 

35 

10 3 

04 

74 7 

572 

223 

2012 

214 

F 

2 58 

220 

3S 

33 2 

12 9 

150 9 

1277 

495 

5800 

212 

F 

2 58 

220 

33 

2S 7 

11 1 

130 4 

937 

303 

4258 

216 

F 

2 5S 

220 

41 

32 7 

12 7 

148 9 

132S 

515 

6036 

230 

F 

2 G1 

ooo 

38 

21 3 

82 

96 0 

800 

307 

3600 

204 

r 

2 G2 

GOO 

27 

15 0 

57 

67 5 

405 

155 

1835 

156 

3f 

2G1 

223 

}7 

317 

13 2 

153 3 

1267 

480 

5608 

234 

M 

2G7 

°21 

11 

28 2 

10 0 

125 2 

1244 

400 

5520 

246 

F 

2 72 

228 

29 

52 4 

19 3 

229 9 

1505 

554 

5000 

254 

F 

2 73 

228 

21 

29 2 

10 7 

127 S 

093 

254 

3078 

104 

31 

2 73 

230 

19 

312 

114 

1.33 9 

1530 

550 

6660 

234 

3f 

2 75 

230 

30 

32 0 

S 4 

139 4 

1104 

424 

5062 

232 

31 

2 78 

232 

43 

412 

14 8 

177 7 

176S 

630 

7030 

150 

31 

2 81 

233 

20 

27 7 

9 9 

119 0 

554 

19S 

2381 

250 

3r 

2 81 

235 

13 

3S4 

13 5 

163 9 

1070 

588 

7113 

240 

3t 

2 87 

230 

41 

28 2 

98 

119 6 

1152 

401 

4S71 

274 

31 

2S9 

237 

11 

39 5 

13 7 

1G0 5 

1734 

000 

7300 

— 

F 

2 95 

211 

33 

18 0 

03 

77 2 

618 

210 

2571 

216 

F 

3 10 

219 

43 

15 8 

5.1 

G3G 

678 

219 

2730 

228 

31 

3 10 

219 

38 

20 4 

So 

106 2 

100S 

325 

4035 

2 26 

F 

3 18 

213 

IS 

41 7 

13 I 

164 9 

2004 

G30 

7923 

220 

31 

3 35 

202 

32 

10 3 

49 

62 3 

522 

156 

2000 

214 

F 

3 11 

271 

17 

350 

99 

129 1 

1288 

304 

4742 

190 

31 

3 55 

272 

10 

30 5 

10 3 

134 4 

1086 

473 

0193 

Mem 

2 03 

223 

37 6 

20 S 

101 

119 G 

1014 

383 

4532 

215 

(m) 

Std 

011 

022 

66 

87 

28 

33 4 

403 

129 

1554 

27 

Dm (c) 
Std 

0 07 

001 

1 1 

14 

05 

53 

04 

21 

24SS 

45 

Error (c) 
Coef of 

15 G 

101 

17 4 

32 5 

28 2 

2S0 

39 7 

33 7 

34 3 

12 7 


Var (c/m) 
in </c 


facepiece, which must form an absolute seal 
around the nose to obviate leakage, the mon- 
keys were tracheotonuzed Determinations on 
these animals were made both prior to and 
subsequent to nembutalization The trache- 
otomies were performed under local anesthesia, 
1 0 cc of a 2% procaine (with adrenalin) 
sit, on being used The distal end of the 
glass tracheal cannula consisted of a male 


half of a standard taper joint by means of 
which the animal was connected to the ap- 
paratus 1 2 Nembutalization was achieved by 
the mtraperitoneal injection of 10 mg per 
kg of nembutal 20 minutes prior to the 
metabolism tests 

Results The average values for minute 
volume, respiratory rate, and tidal air were 
determined for each animal from the spirom- 
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TABLE II 


Respirators Data on Monies s Before and During Esposurc to a Phosgene Coiiccntiatiou or 
1 38 mg peT Litei 


Expcr 

condition's 

Rcspirnton rnte 
per nun 

Average tidal 

nw 

Minute \ olume 


Mian a 

C 

Me m 

c 

€ 

Mean 

<r 

€ 


CC cc 

CC 

cc/kg 

cc/kg 

cc/kg 

ee/kg 

cc/kg t 

cAg 

Xormal 

respiration 

37 0 6 6 

1 1 

101 

2 S 

0 5 

3S3 

120 

21 

Respiration 
during phosgene 
exposure 

29 0 10 7 

is 

G S 

19 

03 

1SS 

72 5 

11 9 


eter records These data are summarized 
in Tables I and III 

Body surface areas in square centimeters 
were calculated from the formula 
S = KW 2/3 

where W is the weight m grams and K is a 
constant svhich, for monkeys, equals 11 7 
with an average deviation of ±; 5 4% 4 The 
arithmetic means, standard deviations, stand- 
ard errors, and coefficients of variation were 
determined in the usual manner 3 

Under the conditions of these experiments, 
young adult Macaca mulatla, weighing 2 63 
kg on the average, had a respiratory rate of 
37 6 per minute (coefficient of variation = 
17 4%), a mean tidal air of 26 8 cc (c v. = 
32 5%), and a mean minute volume of 1014 
cc (c v = 39 7 %) Expressed in terms of 
body weight or body surface area, the mean 
tidal air was 10 1 cc per kilogram (c v = 
28 2%) or 119 6 cc per square meter (c v = 
28 0%), and the mean minute volume was 
383 cc per kilo (c v = 33 7%) or 4532 cc 
per square meter (c v = 34 3%) 

Because the calculation in terms of bod} 
surface area yielded no smaller coefficient of 
variation than did the simple expression in 
terms of body weight, minute volumes were 
calculated in terms of another unit, the body 
weight m kilograms raised to the 0 73 power 
which has been recommended as the basis 
of reference for metabolic and other data 0 

4 Lee, M 0 , ami Pox, E L , Am J Physiol , 
1933, IOC, 91 

3 Fisher, R A , Statistical Methods for Research 
TTor? ers, sth id , G E Steckert and Co , Xew 
Tort, 1941 

G Benedict, F G , V ital Energetics, Carnegie 
Inst Trash Pub! Ko S03, Wash , 193S 


However, this calculation resulted in the fol- 
lowing expression for the minute volume 
Minute volume in cc = 499W 0 7S , 
(standard deviation (tr) = rb 173 2, standard 
error (c) = ± 27 7) with a coefficient of 
variation of 34 7%, which is no smaller than 
that obtained from the calculations in terms 
of either the surface area or the body weight 
to the first power 

The average pulse observed m these un- 
anesthetized, untrained monkeys was 215 per 
minute (cv = 127%), a value which is 
apparently too high for the basal state With 
the exception of the report by Hartman 
ct al 7 on fetal and maternal heart rates, there 
are no data on the pulse rates of un- 
anesthetized, untrained, normal macaques in 
the available literature for comparison The 
rates reported b} Hartman ct al however, 
agree well with those found for normal non- 
gravid macaques m the present report Al- 
though it was hoped that the pulse rate would 
serve as an index of the degree of excitability 
of the individual animals, no distinct cor- 
relation could be made between pulse rate and 
any of the respiratory data 

A comparison of the data obtained on the 
normal monkeys prior to and during their 
exposure to phosgene (Table II) indicates 
the extent of inhibition of the respiratory 
exchange during contact with the noxious 
vapors 2 Whereas the uninhibited monkeys 
had a mean respirator}’ rate, tidal air, and 
minute volume of, respectively, 37 6 per min- 
ute, 10 1 cc/kg, and 383 ccAg, the cor- 
responding values during phosgene exposure 

v Hartman, C G , Squier, R R , and Tinkle 
paugh 0 L Pfoc Soc Exp Biol axx> Med, 
1930 31, 28, 2S5 
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TABLE I 

Sunimm of Rcspint-on Data for Macaca mulatto 


Tidal air Minute volume 


Se\ 

TVt 

kg 

Suiihce 

m2 

Kesp 
pci mm 

r' 

cc 

ccAg 

\ 

ec/m- 

CC 

cc/kg 

ec/m- 

Pulse 
per turn 

M 

1 90 

185 

37 

19 4 

97 

104 8 

714 

359 

3790 

187 

M 

2 02 

187 

29 

24 0 

12 2 

131 2 

700 

347 

3740 

208 

M 

20 a 

187 

45 

198 

9 8 

100 0 

880 

430 

4730 

18S 

M 

2 07 

190 

35 

19 0 

9 2 

100 5 

061 

319 

3512 

214 

M 

2 19 

198 

34 

15 9 

73 

80 G 

544 

249 

2754 

210 

M 

219 

19S 

45 

21 3 

97 

107 5 

9 48 

433 

4791 

240 

F 

2 19 

198 

31 

17 7 

8 1 

89 4 

554 

253 

2805 

228 

F 

2 21 

199 

41 

17 5 

78 

88 2 

710 

324 

3001 

104 

F 

2 24 

200 

47 

19 2 

8 G 

90 2 

901 

402 

4503 

230 

F 

2 32 

205 

37 

210 

93 

105 0 

790 

343 

3929 

240 

M 

2 35 

207 

30 

20 2 

112 

120 7 

931 

390 

4S9S 

218 

M 

2 53 

218 

35 

31 0 

12 2 

142 3 

1075 

425 

4933 

198 

F 

2 53 

218 

43 

24 9 

9 9 

114 7 

1009 

422 

4910 

216 

F 

2 Si 

218 

40 

OO 7 

89 

104 6 

908 

358 

4173 

190 

F 

2 51 

21 9 

34 

22 0 

SO 

100 7 

752 

2 95 

3440 

224 

F 

2 50 

219 

35 

10 3 

04 

74 7 

572 

223 

2012 

214 

F 

2 58 

220 

38 

33 2 

12 9 

150 9 

1277 

495 

5806 

212 

F 

2 58 

220 

33 

28 7 

11 1 

130 4 

937 

303 

4258 

216 

r 

2 58 

220 

41 

32 7 

12 7 

148 9 

1328 

515 

0030 

230 

F 

2 (.1 

009 

3S 

21 3 

82 

90 0 

800 

307 

3600 

204 

F 

2 02 

0 09 

27 

15 0 

57 

07 5 

405 

155 

1835 

150 

M 

2 04 

223 

37 

34 7 

13 2 

155 5 

1207 

480 

3008 

234 

M 

2 07 

225 

44 

28 2 

10 0 

125 2 

1244 

460 

3520 

24b 

F 

2 72 

228 

29 

52 4 

19 3 

229 9 

1505 

554 

5000 

254 

F 

2 73 

22S 

24 

29 2 

10 7 

127 8 

093 

254 

3078 

104 

M 

2 75 

230 

49 

312 

114 

135 9 

1530 

550 

0000 

234 

M 

2 75 

230 

30 

32 0 

84 

139 4 

1104 

424 

5002 

232 

M 

2 78 

232 

43 

412 

14 8 

177 7 

1708 

030 

7030 

150 

M 

2 31 

233 

20 

27 7 

99 

119 0 

554 

198 

2381 

250 

M 

2 84 

235 

43 

3S4 

13 5 

103 9 

1070 

588 

7113 

240 

M 

2 87 

230 

41 

28 2 

98 

119 0 

1152 

401 

4871 

274 

M 

2 SO 

237 

44 

39 5 

13 7 

100 5 

1734 

000 

7300 

— 

F 

2 95 

241 

33 

18 0 

03 

77 2 

018 

210 

2371 

210 

F 

3 10 

249 

43 

15 8 

51 

03 0 

078 

219 

2730 

22S 

M 

3 10 

249 

38 

20 4 

SO 

100 2 

100S 

325 

4055 

220 

F 

3 18 

253 

4$ 

41 7 

13 1 

104 9 

2004 

030 

7923 

220 

M 

3 35 

202 

32 

10 3 

49 

02 3 

522 

150 

2000 

214 

F 

3 54 

271 

37 

35 0 

99 

129 1 

1288 

304 

4742 

190 

M 

3 55 

272 

4(i 

30 5 

10 3 

134 4 

JGSG 

475 

0193 

Mean 

2 03 

223 

37 0 

2GS 

101 

119 0 

1014 

383 

4532 

215 

On) 

Std 

0 41 

022 

GO 

ST 

28 

33 4 

403 

129 

1534 

27 

Std 

0 07 

004 

1 1 

14 

05 

53 

04 

21 

24SS 

4 5 

Error («) 
Coef of 

15 G 

101 

17 4 

32 5 

28 2 

28 0 

39 7 

33 7 

34 3 

12 7 


facepiece, which must form an absolute seal 
around the nose to obviate leakage, the mon- 


eys were tracheotomized Determinations on 
hese animals were made both prior to and 
ubsequent to nembutalization The trache- 
tonues were performed under local anesthesia 
0 cc of a 2% procaine (with adrenalin) 
olution being used The distal end of the 
•lass, tracheal cannula consisted of a ma 


half of a standard taper joint by means of 
which the animal was connected to the ap- 
paratus 1 2 Nembutalization was achieved by 
the mtraperitoneal injection of 10 mg per 
kg of nembutal 20 minutes prior to the 
metabolism tests 

Results The average values for minute 
volume, respiratory rate, and tidal air were 
determined for each animal from the spirom- 
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TABLE IV 


Comparison of Basil and X 011 lias ll Heat Production of Macaco mulatto 


Benedict 

* (basal) 


Bakictent (basal) 

Karel and Weston t 
(Trai beotomized, non basal) 

Wt Cals/kg/24 lira 

Wt 

Sex 

G'lls/’kg/-^ 

Wt 

^LX 

Cils/kg/24 hrs 



k e 



k g 



3 24 

52 2 

2 7 

M 

50 5 

3 52 

31 

79 11 

3 50 

55 0 

2 S 

31 

52 2 

3 30 

31 

93 90 

3S4 

44 S 

2 9 

M 

4S 9 

3 20 

F 

99 52 

3 97 

519 

2 O 

M 

51 0 

3 01 

F 

70 50 

4 04 

4S0 

3 1 

M 

43 6 




4 IS 

47 1 

3 1 

F 

49 1 




4 24 

40 7 

3 5 

F 

451 




4 34 

45 4 

3 3 

F 

54 4 




4.35 

301 

3 0 

F 

41 3 




4 42 

49 1 

3 0 

F 

4S 5 




4 50 

40 7 

3 7 

F 

4S7 




4 5S 

3S9 







4.73 

512 







5 10 

44 3 







Mean 








(basal) 

4S0 

Mean (basal) 

4S3 

Mean (non basal; S3 70 


•Values calculated from plotted points on graph made by Dr George L Streeter, Dept 
of Embrtologv, The Johns Hopkins University , Baltimore, 3Id , on "basal” Macaco mulatto 
A feiv of the points represent averages ninth include experiments made both rvith and without 
the use of nembutal c 
1 Data from Table IS 
t From Table HI 


values than would be expected from Kleibers 
formula Consequently, calculating the min- 
ute volume in terms of the basis of reference 
suggested b) the Committee on Animal Nu- 
trition of the National Research Council 0 
for computing metabolism yielded a constant 
which is 2 35 times as great as the constant 
suggested by Kleiber, with a wide statistical 
range The 39 untrained monkeys in this 
senes were not observed under basal condi- 
tions as indicated by the pulse rates, but the 
unanesthetized macaque, as others have 
noted, 0 under the usual laboratory conditions 
is seldom basal, particularly if subjected to 
any experimental procedures 

The great variability of the respirator) ex- 
change m unanesthetized macaques is an- 
other example of individual variation withm 
a presumably uniform population The ani- 
mals in this series did not differ markedly 
m age, weight, nutritional state, or bodv sur- 
face area, and the conditions of the experi- 
ment were well controlled Nevertheless, the 
large coefficients of variation reported in this 
paper indicate the wide deviations from the 
mean in the respiratory response of the in- 
dividual animals 


Since the respirator) exchange is a reflec- 
tion of the metabolic activit) of the organ- 
ism which, in turn, is a function of the body 
mass, calculation of the tidal air and minute 
volume in terms of body weight did decrease 
the coefncient of variation somewhat, as 
would be expected That recalculating these 
data in terms of body surface area or of an- 
other exponential function of the bod) weight, 
the 0 73 power, did not result in an additional 
decrease m the coefficients of variation is not 
surprising For, as Benedict 0 has emphasized, 
it is futile to attempt by mathematical means 
to achieve a uniform expression of even basal 
metabolic findings despite the “great weight 
given to complicated mathematical treatment 
by various writers and the acceptance of 
these formulas by less critical authors ” When 
to the differences in individual metabolic rates 
there are added the many other factors which 
might produce changes m the respiration of 
any single laboratory animal, the observed 
range of individual values is to be expected 
It will be noted that the respirator) ex- 
change, particularly m animals No 3 and 4, 
of the tracheotomized senes was appreciably 
greater than that found m the series of 39 
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\iere 29 8 per minute, 6 8 cc/kg, and 188 
cc/kg Statistically, these differences are 
highly significant 

The complete protocols for the experiment 
on the tracheotomized macaques appear m 
Table III For the non-nembutahzed mon- 
keys, the mean heat production was 85 76 
CaIs/hg/24 hrs or 1137 Cals/sqM/24 hrs, 
which is approximately 180% of the basal 
values reported by Benedict® and Rakieten s 
Twenty minutes after 10 mgAg mtra- 
pentoneal doses of nembutal, the mean heat 
production was 92 77 Cals/kg/24 hrs or 
1202 08 Cals/sqM/24 hrs Previously, 
Rakieten® had reported a similar increase m 
one rhesus monkey after amytal 

The mean coefficient of oxygen utilization 
was 2 10% for the non-nembutahzed and 
2 40% for the “sedated” monkeys In Ta- 
ble IV a further comparison is made between 
values calculated from Benedict, 0 Rakieten’s® 
data and the data on the 4 tracheotomized 
macaques 

Discussion On the basis of studies on the 
basal metabolic rate, Kleiber 9 proposed that 
the minute volume (or tidal air per minute 
as it is termed m his report) for any resting, 
fasting laboratory animal may be determined 
from the formula 

Minute volume in cc = 212W -i/ ' 1 
where W is the body weight in kilograms He 
gave no indication of the statistical range 
of the values calculated from this formula 
but, as evidence supporting its application, 
cited the almost exact identity of the cal- 
culated minute volume with that observed 
m one deeply anesthetized, tracheotomized, 

3 5 kg Rhesus monkey m w'hich the observed 
average minute volume was 157 cc per kilo- 
gram The significance of data obtained on 
one animal is questionable Moreover, as 
Kleiber noted, the animal studied was deeply 
narcotized, a circumstance which depresses 
not only r the metabolic rate but also the 
respiratory center 

Actual measurement of minute volumes in 
39 unanesthetized, non-fasted, untrained Rhe- 
sus monkeys (Table I) revealed much higher 


C 

£ 


t*4 Cl CO . 


s Rakieten, X, J Xvtrttton, 1935, 10, 357 
o Pei sound of U S Xaw Mod Res, Unit Xo 
1, and KUibir, M, Science, 1944, OJ), 542 
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TABLE IV 


Comparison of Basil tnd Non basil Heat Production of Itacaca mulatto 


Benedict 

* (basil) 


B ikieteut (basal) 

K irel and lVcstont 
(Truheotonnzed, non basal) 

V t CjIs/kg/24 hrs 

Vt 

'Sex 

Cals/kg/24 hrs 

Vt 

''ex Cals/kg/24 hrs 

tg 


tg 



k g 


3 24 

52 2 

2 7 

M 

30 5 

3 52 

21 79 11 

3 5G 

35 9 

2 S 

M 

52 2 

3 50 

21 93 90 

3 S4 

44 S 

J O 

M 

4S9 

3 26 

F 99 52 

3 97 

519 

2 O 

M 

510 

3 01 

F 70 50 

4 04 

4S0 

3 1 

M 

43 6 



4 IS 

47 1 

3 1 

F 

40 1 



4 24 

4b 7 

3 5 

F 

45 1 



4 34 

45 4 

3 5 

F 

54 4 



4,35 

501 

3 0 

F 

413 



4 42 

49 1 

3 0 

F 

4S 5 



4 50 

40 7 

3 7 

F 

4S 7 



4 5S 

3S 9 






4.73 

512 






5 10 

44 3 






Mein 







(basal) 

4S 0 

Me 

m (basal) 

4S5 

Mean (non basil; 35 70 


* Values calculated from plotted points on graph made In Dr George L Streeter, Dept 
of Embn ologx , The Johns Hopkins Vmversitx, Baltimore, Md , on “basil” ilacaca mulatto 
A few of the points represent avenges winch include experiments mule both with and without 
the use of nembutal o 
t Data from Table I s 
t From Table III 


values than would be expected from Kleibers 
formula Consequently, calculating the min- 
ute volume m terms of the basis of reference 
suggested by the Committee on Animal Nu- 
trition of the National Research Council 0 
for computing metabolism yielded a constant 
which is 2 35 times as great as the constant 
suggested by Kleiber, with a wide statistical 
range The 39 untrained monkeys in this 
series were not observed under basal condi- 
tions as indicated by the pulse rates, but the 
unanesthetized macaque, as others have 
noted, 0 under the usual laboratory conditions 
is seldom basal, particularly if subjected to 
any experimental procedures 

The great variability of the respirator} ex- 
change in unanesthetized macaques is an- 
other example of individual variation withm 
a presumably uniform population The ani- 
mals m this series did not differ markedly 
m age, weight, nutritional state, or body sur- 
face area, and the conditions of the experi- 
ment were well controlled Nevertheless, the 
large coefficients of variation reported in this 
paper indicate the wade deviations from the 
mean in the respiratory response of the in- 
dividual animals 


Since the respiratory exchange is a reflec- 
tion of the metabolic activity of the organ- 
ism, which, in turn, is a function of the body 
mass, calculation of the tidal air and minute 
volume m terms of body weight did decrease 
the coefncient of variation somewhat, as 
would be expected That recalculating these 
data in terms of body surface area or of an- 
other exponential function of the body weight 
the 0 73 power, did not result m an additional 
decrease m the coefficients of variation is not 
surprising For, as Benedict 0 has emphasized, 
it is futile to attempt by' mathematical means 
to achieve a uniform expression of even basal 
metabolic findings despite the “great weight 
given to complicated mathematical treatment 
by various writers and the acceptance of 
these formulas by' less critical authors ” When 
to the differences m individual metabolic rates 
there are added the many other factors which 
might produce changes in the respiration of 
any r single laboratory' animal, the observed 
range of individual values is to be expected 
It will be noted that the respiratory' ex- 
change, particularly m animals No 3 and 4, 
of the tracheotomized series was appreciably' 
greater than that found m the series of 39 
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monkeys Since, however, the former group 
was tracheotomized and immediately prior 
to the tracheotomy had been injected with 
procaine plus adrenalin, this may account 
for the substantial difference 

While no positive inferences drawn from 
the data obtained on the few tracheotomized 
macaques should be applied to non-tracheo- 
tomized animals, it is provocative to note 
that by application of the coefficient of oxy- 
gen utilization (2 10%) to the basal values 
reported by Benedict 0 and by Rakieten, 8 one 
arrives at a mean ventilation rate which is 
almost the same as the value of 383 cc per 
kg per minute found as the mean minute 
volume in the present series of 39 monkeys 

The low coefficient of oxygen utilization is 
probably the result of the increased minute 
volume Benedict and Benedict 10 have re- 
ported appreciably increased ventilation rates 
and decreased oxygen absorption in normal 
subjects doing mental multiplications The 
coefficient of oxygen utilization calculated 
from the data of Benedict and Benedict 10 
fell as low as 2 6% 

Summary 1 The average respiratory 
rate, tidal air, and minute volume w r ere 
measured in 39 unanesthetized, untrained, 
young monkeys ( Macaca mulatto) with an 
average weight of 2 63 kg (o- = ±0 41 kg, 
e= ± 007kg) 

2 Expressing the tidal air or minute vol- 
ume in terms of body weight in kilograms, 
body surface area in square meters, or body 
weight in kilograms raised to the 0 73 power 
resulted in practically identical coefficients 
of variation 

w Benedict, P G, and Benedict, C G Car 
nunc Inst TTcish (Nutiition Bibontoij ), 1033 


3 The mean values observed were as fol- 
lows 

a Respiratory rate 37 per minute 

(o- = ± 6 6, e = ± 1 1) 
b Tidal air 10 1 cc per kg (a = — 2 8 
cc, t — ± 0 S cc) or 119 6 cc per square 
meter (<r =r ± 33 4 cc, e = ± 5 3 cc) 
c Minute Volume 383 cc per kg (<r = 
± 129 cc, e = ± 21 cc) or 4532 cc per 
square meter (<r = ±1554 cc, c = 
± 248 8 cc) or 498 7 cc per kg body weight 
raised to the 0 73 pow'er (<r = ± 173 2 cc, 
e ~ ± 27 7 cc) 

4 No correlation was found between the 
animals’ pulse rate (mean = 215 per minute) 
(<j— ±27, e = ±45), w’hich w>as intended 
as an index of excitability, and an\ of the 
respiratory data 

5 The respiratory rate, tidal air, and min- 
ute volume w’ere significantly inhibited m 
monkeys exposed to a phosgene concentra- 
tion of 1 38 mg/1 

6 a The mean heat production determined 
by the indirect method m 4 unanesthetized, 
untrained, tracheotomized macaques with an 
average weight of 3 49 kg was 85 76 Cals/ 
kg/24 brs and 1137 29 Cals/sq M/24 hrs— 
approximately 180% of the basal values re- 
ported m the literature 

b The mean heat production of the same 
macaques sedated with 10 mgAg 
nembutal intrapen toneally w r as 92 77 Cals/ 
kg/24 hrs and 1202 08 Cals/sq M/24 hrs 

7 The average coefficient of oxygen 
utilization in these 4 monkeys was 2 10% 
for the non-sedated and 2 40% for the 
nembutabzed macaques 

The authors wish to t h'tiliv Lt Doiluid H Ln 
Gi ive foi techimil issistmee in comlu< ling- tliese 

tApenmtiifs 



15303 

Relative Growth of the Kidney in Male Rats 


297 


Herbert C Stoerk and Theodore F Zucker 
Trom the Department of Pathology, Columbia Vnnerutv 


The Heights of organs and of body com- 
ponents are usually recorded as percentage 
of body Height or in some other simple 
arithmetic ratio to body weight The cum- 
bersome quality of such presentation is ap- 
parent especially when body weight varies 
oxer a wide Tange The percentage value 
generally changes during growth but may' be- 
come identical for widely different body 
weights Klatt 1 * calling attention to this points 
out the very- advantageous general applica- 
bilitx of the power formula y = ax' 1 in which 
x = the body’ part or organ, x = body 
weight and a and b are constants This had 
been the basis for the work of DuBois and 
of Lapicque which successfully solved a num- 
ber of problems concerned with the relative 
weight of the brain He also points out that 
with an entirely’ different approach the same 
formula had been applied to surface and en- 
erg\ metabolism Moulton- who dealt with 
the interrelation of body weight, body sur- 
face body nitrogen, weight of blood etc , 
showed that the handling of such data and 
the evaluation of the 2 constants can without 
lengthy’ calculation be carried out very simply 
and with sufficient accuracy by graphical 
methods 

Since then the power formula has found 
wide application in the hands of Huxley, 3 
Xeedham 4 5 * Brody , ’ Kleiber and associates,® 
Adolph 7 and others in various problems con- 

l Ivlitt B Biol Zentr 1011,39,401, 

- Moultin' c R , / Biol Che m 1916, 24, 299 

3 Huxlei T *5, Pioblemi in Eclaltie Gronth, 
Loudon 1931 

■* Xti-ill' J, Btochcnusti it and Morphogenesis, 
C umbriflgi 1941 I> 332 ff 

5 Broilt ** , Bit's, H P , -\ncl Rigsclilc, A C , 
Mo J nr Prp Sla Be? Bull , 1937, Xo 2C1 

*> XX e -1 month P XV , Pield, J , and Kleiber, M , 
pi oc '-or Exp Bioi vsd Med , 1942 49, 3b7 
T Adolph A , Physiological Deputations, Lin 

ouster 194o 


cerned with organ weights, weights of chemical 
components of the body, linear measurements 
of body parts, and measures of physiological 
functions 

This report presents individual kidney 
weights and body’ weights of 150 male stock 
diet rats and mean weights of 15 consecutive 
groups of 10 animals each Kidney w’eight is 
gixen as the combined weight of the 2 kidneys 

In Fig 1 the small circles are indixidual 
weights and the crosses represent the mean 
x’alues for groups of 10 Both scales are 
logarithmic and y r = ax b plots a straight line 
It is seen that the relative grow’th of the 
kidney may be divided into 3 phases, each 
represented by a straight line whose slope 
indicates the relative rate of growth of kid- 
ney’ and body’ As shown m Table I the 
ratio of kidney weight to body’ xx eight (ex- 
pressed as %) definitely increases during the 
first phase, it approximates constancy during 
the second phase, during the third phase it 
definitely decreases The percentage values 
of the first phase repeat themselx’es m the 
third phase in reverse order The same in- 


TABLE I 

BntV\ uul Kidncv Weight D ita Aaciaged an 
Groups of 10 


Mean 

Mem 

Menu wt 


age 

both wt 

of 2 kidneys 


da as 

e 

mg 

<7c 

01 

o 45 

44 3 

S12 

1 s 

6 70 

61 S 

922 

4 S 

9 OS* 

96 6 

1063 

fi 2 

11 75 

122 4 

1041 

10 1 

17 04 

176 7 

1036 

12 3 

23 75 

244 3 

1 028 

17 4 

35 72 

397 1 

1 111 

27 0 

49 54* 

555 1 

1 120 

33 2 

70 OS 

744 0 

1 061 

42 7 

1101 

1060 

9G3 

63 6 

162 9 

1402 

S60 

79 1 

195 7 

1694 

S65 

S9 4 

117 

250 4 

303 4 

1944 

2379 

77b 

7S4 

2S1 

40S 7 

2SG7 

701 


Bodv weights at winch the slope changes of 
Fig 1 occur & 
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Fig 1 

The Height of the kidneys plotted against body weight Both axes arc loganthmie The points 
reniesent individual male rats, the crosses are the average values for 10 sutcessne animals The slope 
values indicate that during the first phase the percentage growth rate of the kidneys is 1 44 times that 
of the bodi , for the second and third phases the figures are respectively 1 02 and 0 81 

The dotted line (slope 1) indicates the course of relative growth if Lidnej and body weight remained 
proportional 


formation can be read from the graph if one 
considers that constancy of percentage value 
is represented graphically by a line of 45° 
to both horizontal and vertical axes such as 
the dotted line which represents 0 8% The 
line of phase 2 approximates 1% 

When taken over the whole of postnatal 
growth organ weights usually show one or 


more breaks On the other hand general 
body measures of the rat such as length or 
surface follow’ one continuous line through- 
out The data of Carman and Mitchell 8 
for instance show’ excellent adherence to a 
line with a slope of y 3 for body length and 

8 Carman, G G , and Mitchell, H H , Am J 
Phyvtol , 1920, 7G, 380 
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a slope of -3 for body surface be divided into 3 phases Kidney weight 

Summary The growth in weight of the expressed as % of body weight changes con- 
rat s kidneys in relation to bodv weight can tinuoush but at 3 different rates 


15304 

Kidney Hypertrophy in B Complex. Deficiency 

LoisM Zlcher and Theodore F Zucker 
from (tic Iff port me k t of Pathology, Columbia Unncrsitii 


During a recent series of observations on 
gastric lesions in B-comple\ deficient rats 
our attention was attracted to the kidneys 
by the occurrence of an advanced case of 
hydronephrosis Kidneys in the remaining 
rats of the group were inspected and w eighed 
The hydronephrosis may ha\e been purely a 
chance phenomenon since no more cases w ere 
noted How e\ er all the other kidney s, though 
not abnormal in appearance, were considera- 
bly overweight This seemed to be a point 
of some interest, especially since inanition 
controls showed no such enlargement 

The obsen ations are presented individually 
in Fig 1 in the form of a log-log plot of the 
weight of the 2 kidneys against the greatest 
bodv w eight attained during the experimental 
period The straight line represents the 
course of this relation for stock animals 1 
The B-deficient rats were placed at weaning 
(28 day’s, mean weight 64 g) on an ad 
libitum intake of the deficient diet and were 
weighed twice a week for a 3- to 4-week 
period (Not all the rats survived the 4 
weeks) The maximal weight attained was 
68 g, final weight 50 g Three B-deficient 
diets were used 1049, composed of 12% 
purified casein (Labco), 4% salts, 0 1% 
carotene in oil (Smaco) , 0 3% cod lner oil, 
16% refined cottonseed oil, and corn starch 
to 100%, 1051, the same as 1049 but with 
crude casern substituted for the purified 
casein, and 1062, composed of 27% Labco 
casein, 3 4% salts, 2% celluflour 0 2% caro- 
tene m oil, 0 25% wheat germ oil, 155% 
refined cottonseed oil, and cerelose to 100% 
In all cases the diets contained 12% modified 

1 Stoerk, H C , and Zucker, T F , Peoc Soc. 
E\p Biol axd Med , 194G, 61 


Wesson salt mixture (Ca and P free) 15% 
CaCO- and enough KHsPO^ to bring the 
total P of the diet to 0 41%; There appears 
to be no difference between the results on 
the 3 diets and it is clear that the kidneys 
weighed about 1JA times what they would 
m a normal rat of the same body weight 
as that maximally attained by the B-deficient 
rats The difference is highly significant 
statistically If comparison were made with 
the final body weight the difference would 
of course be e\ en greater 

The inanition controls were of 3 kinds 
Control group 1 (partial inanition) was main- 
tained at constant body' weight for a 4-week 
period by limiting the intake of a normal 
diet The actual mean weights were initial 
64, maximal 67, final 65 The diet was 
1062, supplemented with B factors (1 mg 
each of thiamine and pyridoxin, 2 mg ribo- 
flaxm 4 mg each of calcium pantothenate 
and nicotinic acid 200 mg cholme per 100 g) 
Their kidneys appeared to be normal for 
body weight 

Control group 2 illustrates the eftect of a 
continuous rapid weight loss Stock rats (40 
days, 118 g) in complete inanition, died in 
about 3 day's after losing approximately 40% 
of their body' weight As the graph shows, 
their kidneys (represented by crosses) are 
20% below the line Since m these rats the 
maximal weight is the same as the initial 
(normal) weight, positions on the normal line 
in the region of A represent the kidney 
weights at the beginning of the experiment 
compared with initial weight there has been 
an actual loss of 20% of kidney' substance 
The final body' weights of these rats averaged 
73 g normal rats of this body weight have 
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Fig l 

The M eight of the bidnejs plotted against body w eight Both axes are lognithmic The powtB 
remesent individual male rats, the crosses are the average values for 10 successive animals The slope 
values indicate that during the first phase the percentage growth rate of the kidneys is 1 44 times that 
of the body , for the second and third phases the figures are respectively 1 0* and 0 81 

The dotted line (slope 1) indicates the course of relative growth if kidney and bodj weight remained 

proportional 


formation can be read from the graph if one 
considers that constancy of percentage value 
is represented graphically by a line of 45° 
to both horizontal and vertical axes such as 
the dotted hne which represents 0 8% The 
line of phase 2 approximates 1% 

When taken over the whole of postnatal 
growth organ weights usually show one or 


more breaks On the other hand general 
body measures of the rat such as length or 
surface follow one continuous hne through- 
out The data of Carman and Mitchell 8 
for instance show excellent adherence to a 
line ruth a slope of A for body leng th and 

8 Cinnui, G G j and Hfitclictl, ft ff , *lm J 
Physiot , 1926, 70, 380 
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Observations on Rats Fed -with Yellow A-R 


Kakejs.-cisc ScGir?-^ 


Fr-i- th r Jf"-"''-' Erf"‘c' 

In a previous commumcation 1 it was shown 
tnat the daily ingestion of large amounts of 
yellow O B (l-O-tolvlazo-2-naphthvlamine) 
fad to produce Lver cirrhosis or tumors m 
rats over a penod of 25° days of feeding 
and observation This study was extended 
witn Yellow A B (l-phenvlazo-2-naphthvla- 
mine) because this oil-soluble coal tar dv e 
is also extensively used m this countrv to 
color foodstuffs * Yellow A B is somewhat 
related in structure to Butter Yellow (p- 
dimethvlaminoazobenzene) which is one oi 
the azo dves which readily produces liver 
cancer m rats 2 Because of this chemical 
relation experiments were undertaken to de- 
termine whether or not the ingestion of large 
amounts of this coal tar dve over a prolonged 
penod might give rise to liver cancer 

Experimental Yellow' A B (National 
\mline and Chemical Company) was dis- 
solved in cotton seed oil m the proportion 
of 6 Twentv cc ot this solution was mixed 
with 1000 g oi coarselv ground unpolished 
rice 1000 g of unpolished nee containing 
6 (To of dried whole milk and thirdlv 1000 g 
of screened Purina Dog Meal (a complete 
diet) All these 3 diets were supplemented 
with a small amount of fresh carrots dailv 
Unlimited water was allowed Feeding on 
the various diets containing Yellow A B 
was continued for about 500 davs all rats 
still living were sacrificed and examined 
Rats male and female (about 150 g bodv 

i ‘-ugiur i I\ Pi oc ^oc Exp Biol axd Med , 
1042 10 214 

* According to Mr YT C Bunbndgc of H 
Kotmstamm Companv Xew York, the amvaal con 
sumption of these dyes m U S A is about 44 000 
lb' Therefore, although the results of the ex- 
periments with these substances are negative, they 
are morded because of general public interest m 
fond elves 

- Sugiur i K., and Rhoads, C P, Canctr He 
search, 1041 , 1 , 3 


/ C V '!7C' - c~r -4"* in c 3i o 0 '» 

we gnt) used in this study were oi Srermun 
stock 

The results snowed tnat the daily ingest: cm 
of large amounts of Yellow A. B in the 
above diets (each animal having consumed 
S to 12 mg oi the dve daily) failed to pro- 
duce liver tumors or cirrhosis in rats dunng 
50 to 52S davs feeding 

Nutrition oi young adult rats during in- 
gestion of tne Yellow A B.-rice diet Yellow 
-\ B -nee and Him diet and the Yellow 
\ B -normal diet mav be brieilv summarized 
as follows 

With Yellow A B -nee diet animals con- 
tinuously lost weight until death evreurred 
Of 42 rats 2 died dunng the first 50 days 
IS died between 51 and 100 days 12 died 
between 101 and 150 davs and remaining 
10 died between 151 and 2S7 davt Tne 
addition of 6^c of dned whole milk to Yellow 
-\ B -nee diet resulted in a distinct improv e- 
ment in the health of rats but all of 20 rats 
died between 70 and 500 davs With the 
Yellow A B -normal diet animals grew al- 
most nomiallv and were of general good ap- 
pearance Oi the 22 rats on this last diet 
2 died between 50 and 100 days o died be- 
tween 101 and 150 davs 7 died between 300 
and 502 davs and 7 were sacnficed on 52S 
davs 

The livers of animals fed the Yellow A B - 
rice diet with or without supplement of dried 
whole milk were pale and reddish or v ellowish 
m color, while the livers of animals fed the 
Yellow A B -normal diet had normal color. 
There was no great change m the Size or 
shape of the liver, which had smooth sur- 
faces and histological examination revealed 
no evidence of tumors bile duct changes or 
abnormal regeneration of the ducts or liver 
cells However some sections (the hvers of 
S out of 54 rats that lived more than 
100 davs) showed focal necrosis of the liver 
but this was not apparently relattd to "ny 




Fig 1 

f!ie scales in togantlimic The line is the position of stock nts A ind I' ne regions of the graph 
discussed m the text 


The filled cneles lepresent B complex deficient i its (expenment'il) , the plain ones had 12% vita 
mm free casein, those with horizontal liars had 12% eiudc casein, and those r.atii vertical bars had 
27 % vatanmi free casein 

Tlie open circles represent rats on a lestucted intake of a noimnl diet, the plain ones w ere gnen 
enough to maintain weight for 4 weeks (control group 1), and those with verticil bars (control group 
3) were the food intake eontiols on the B deficient rats represented by filled cneles with verticil 
bars 

The crosses represent C week old lats winch received no food (control group 2) 


kidney weights on the lme m the region of 
B, that is, distinctly smaller than the ob- 
served kidney weights Evidently during 
rapid continuous weight loss the kidneys lose 
weight but less rapidly than the body as a 
whole These differences, each about 20%, 
are statistically significant, the standard error 
of estimate for the normal data m the body 
weight region 50-150 g, is +5 8%, 5 5% 

The third group were pair-fed controls 
for the B-deficient rats, each received the 
same daily intake of the normal diet as its 
pair-mate on 1062 consumed spontaneously 
The mean weights of this group were initial 


65, maximal 71, final 42 As with the starved 
rats, the kidneys are about as much too low 
for the maximal body weight as fhev are 
too high for the final body weight 

Summary B-compJev deficiency m 20 
young rats resulted m kidneys w’hich were 
50% overweight Nine rats which served as 
inanition controls showed no enlargement 
Among the 3 types of food controls those 
which lost weight had kidney weights below’ 
the norm, where body weight was kept con- 
stant the kidney weights coincided with the 
norm based on stock diet animals 
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TABLE I 

Controls and Summarized Bata of Summer and Autumn Series Effect of Choline on Blood 
Constituents and Cholesterol m Tissues 


XPX Urea X Glucose Serum protein 

mg/100 ml mg/100 ml mg/100 ml mg/100 ml 


Controls 

20 (1) 36 2 ±6 4 

s d* 

Controls 

simultaneous 
6 (B) 34 

Choline 
(S& A)1 

20 (C) 37 4 ±60 

s d 


10 0 ± 3 0 


17 0 

IS 1 ± S 5 


172 ± 4S 4 40 ±0 53 


53 


206 ± S 0 5 7 ± 1 3 


Blood Cholesterol Total esters 


Tissue cholesterol 


Control 

26 (A) 
s d 

Control 

6 (B) 

mg/100 ml 

24S ± 37 

mg/100 ml 

Aorta 
mg/230 mg 
230 ± 43 

Heart 
mg/250 mg 

Liver 

mg/250 mg 

s d 

Choline 
(S A A) 

20 (C) 

232 3 * 20 0 

153 rt 5 G 

249 ± 29 4 

271 3 ± 49 7 

337 it 54 1 

s d 

174 ± 23 4 

121 ± 10 8 

190 ± 29 2 

203 ± 29 3 

236 ± 92 9 


* s d — Standard deviation 
t S A A — Summer and autumn series 


TABLE II 

Controls and Summarized Bata of IV inter and Spring Senes Effect of Choline on Cholesterol 
Esters and Phospholipids in Blood and in Tissue s 

Cholesterol Cholesterol total/esters 



mg/100 ml 

Phospho 
lipids 
mg/100 ml 


mg/250 mg 



' Total 

Esters 

Aorta 

Heart 

1 

Liver 

Controls 
original 
old hens 
(A) 26 
s d * 

Controls 

simulta 

248 ± 37 

232 ± 21 

153 ± 5 G 


230 ± 43 2 

249 rfc 29 

271 ±49 

337 -+• 54 

neons 
(B) 6 
s d 

Control 

simulta 

271 i; 37 

179 ± 19 2 

96 ±23 

(4) e 
230/176 

(4) e 
2SS/233 

(4) e 
342/240 

neous 
(C) 2G 
s d 

Cholme 

179 ± 24 

144 ±9 2 

101 ±18 

rh45/zt20 

165/83 

±S0/±19 

19S/147 

±62/;+; 19 

249/210 

(WA S)t 
(B) 26 
(40 64 days) 




±50/i24 

±57/±19 

— 67/±25 6 


* s d — Standard deviation, 
t (XV AS) — Winter and spring series 


trols The blood and tissue chemistry of 20 aorta compared with normal levels (Table I) 
shotted definitely lowered total cholesterol The winter-spring (W&S) cholme-feedmg 
and cholesterol ester values in blood and senes of 26 old hens were bled before cholme 
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one diet The only visceral changes observed 
were those accompanying the terminal 
bronchopneumonia No tumor was found m 
the visceral organs or elsewhere 
Conclusion Under the condition of the 
above experiment, Yellow A B (1-phenyl- 


azo-2-naphthylamme) is not a carcinogenic 
substance 

The autlioi wishes to expiess lus appreciation 
to Di CP Rhoads foi his interest and \aluable 
adwcc 
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Effect of Choline on Blood and Tissues with Especial Reference to 
Cholesterol in Old Hens * 

George R Herrmann (With technical assistance of Anna H Williams, Mae S 
Cox, Lucy Prosise, John Prewett, H Tom Leigh, and Truett Boles ) 

From the TJnnersiti; of Texas, Medical Branch, Galveston 


The lipotrophic activity of choline in ex- 
perimental fatty cirrhosis of the liver, has 
been demonstrated by several groups of in- 
vestigators 123 The possibility of similar 
action on other types of cholesterol deposi- 
tion m other tissue, particularly in atheroma- 
tous lesions m the aorta, has suggested itself 
The naturally occurring human-like submtimal 
aortic atheromatosis as reported by Dauber 43 
was chemically studied m 3-year-old certified 
260 to 320 egg R P O sired hens and the 
average level of certain chemical components 
established 4b The effect of choline on this 
pathological chemistry presented itself as an 
important problem 

Steiner 5 first and then Bauman and 
Rusch 0 and about simultaneously Hmisworth 7 

* Suppot ted b} a grant from the Medical Re 
sen cl i Department, Wintlirop Chemical Co Choline 
chloride was generous!} supplied hi Merck &, Co 

l Best, C H , and Rideout, J R , Am J Physiol , 
193S, G7, 122 

- Diagstedt, L R et at , Aich Int Med , 1039, 
64 1017 

3 IfcHem i , E TV, and Patterson, J M A, 
Physiol Rev , 1944, 34, 128 

■) s Dauber, D V, Arch Path , 1944, *58, 46, 

4 b Herrmann, George R , Pkoc Soc Exp Biol 
AXD Med , 1946, 60 

5 Steiner, A, Proo Soc Exp Biol \.nd Med, 
1938, 38, 231 

c Bauman, C A , and Rusch, H P , Pkoc Soc 
Exp Biol ai»d Med , 1938, 38, 647 

THimswoith, H P, Acta Med Sc and Su VP , 
113$, 90, 158 


reported that they had not been able to 
demonstrate any action of cholme on the 
high blood, aortic or liver content of 
cholesterol in cholesterol-fed rabbits An- 
drews and Broun 8 concluded that cholme 
protected against atherosclerosis and Huber, 
Broun, and Casey 0 using hpocaic re- 
ported the prevention of atherosclerosis in 
cholesterol-fed rabbits Steiner 10 intimated 
that choline may hasten reabsorption of 
atheromas 

The data from the original control series 
\ of 26 3 -year-old hens are set down for 
comparison 

A summer-autumn (S&A) and a winter- 
spring (W&S) cholme fed series, each of 26 
3-year-old hens individually caged and fed 
all that they would eat of a high fat and 
protein laying mash (Purina) and given, m 
addition, 0 5 g cholme chloride daily With 
the summer and autumn (S&A) choline se- 
ries, a simultaneous control series B of 2 
immediately sacrificed controls and 4 others 
that were sacrificed after 14 and 21 days, 
of the chohne-fed series S&A, 6 were after 
28, 4 after 35, 4 after 42, 2 after 56, 3 after 
70, and 1 after 77 days of cholme feeding 
There were 6 complete simultaneous con- 

8 Andrews, K R, and Broun, GO , J Clin 
finest , 1940, 19, 786 

» Huber, M J, Broun, G O, and Case}, A E, 
Pkoc Soc Exp Biol and Med, 1937, 37, 441 
lOStumr, A, Pkoc Soo Exp Biol axd Med, 
1939, 39, 411 
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in obtaining the Japanese and Russian jour- 
nals m which information on the vertebrate 
hosts of the Japanese B encephalitis virus 
has been published According to those Japa- 
nese reports or abstracts available virus may 
be detected in the blood, saliva, urine and 
feces of human beings 5 " 7 and the blood of 
dogs, rats, horses, goats and sparrows, 5 cs 
even when no manifest disease is present 
Russian workers have reported the isolation 
of virus from the blood of human patients 0 
and birds 10 of endemic areas, and have report- 
ed a high incidence of immunity (35% j in 
normal horses of the affected areas Shubladze 0 
concluded that the natural reservoir of the 
virus is birds and horses Smorodintsev 10 
claimed that wild animals such as deer, wolves 
and birds constituted the most important 
reservoir 

It is difficult to interpret Russian and 
Japanese reports on isolation of this virus 
as they have announced that a virus en- 
cephalitis infection of mice is encountered m 
certain of their mouse colonies 11 12 This 
virus cannot be readily differentiated from 
Japanese B either clinically, serologically or 
by animal susceptibility range Some Japa- 
nese and Russian claims of virus isolations 
are based on the demonstration of virus 
after 2 to 6 “blind ' serial passages of mouse 

s Mitamur i, T , Kituoka, M , Watambe, S , 
Hosoi, T , Tenjin, S , Seki, 0 , Nagalnta, K 
Jo, K, and Shinugu, II, Tr Soc path jap, 1939, 
29 92 

oMitamura, T, KitaoKa, II, TCatambe, Z, and 
Ten-|in, S , Kecord 13tli Meeting United Assn 
of Microbiology of Japan, 1939 

7 Mitntnurn, T , KitaoKa, M , and Wat inabe, Z , 
ToUjo J Med, 1939, No 3143, 1S80 

SKawaniuia, R, Kodama, M, Ito, T, Y isake, 
T, and Kobajakawa, Y, Kttasato Arch Exp 
Med , 1936, 13, 281 

0 Sliubladze, A L, J mil robiol cpidemiol 
immunobiol, 1943, 12, 87, as renewed by Rosen 
that, L , Am Jtev Souet Med , 1944, 2, 166 

10 Smorodintsev, A A J Mthob epid , immun , 
Moslva, 1942, 11 12, 67 

11 Kananuira, R, Kasalma, S, Miyata, T, 
Veda, M , and Y iniada, R , Kitasato Arch Exp 
Med , 1940, 17, 3S 

l- Smorodintsey , A A, personal conversation 
noth W McD H 


brain When such has occurred, the work 
cannot be accepted as conclusive Unfor- 
tunately experimental details are not availa- 
ble in many instances, m which virus isolation 
is reported, and we are therefore unable to 
draw satisfactory conclusions 

Methods and Materials The technics em- 
ployed m these studies are in general the 
same as those reported in our previous studies 
on St Louis 13 and Western equine viruses 14 
m the blood of experimentally inoculated 
chickens The virus employed was the 
Xakayama strain, obtained from Lt Col 
A B Sabm, M C A U S This virus had 
been thoroughly mouse bram-adapted by re- 
peated passage This adaptation was proba- 
bly a disadvantage but no freshly isolated 
virus strains were available Our work with 
domestic viruses had all been with strains 
recently isolated from mosquitoes 

All the chickens used w T ere Hampshire reds, 
incubator hatched, and guarded from mos- 
quitoes and other blood-sucking arthropods 
till used at from 2 to 3 months of age 

hi ice used for the detection of virus were 
either the Webster Swiss, or the Rockefeller 
Institute albino strain They were employed 
at 3 to 4 weeks of age 

Experiment J The first experiment was 
in the nature of a preliminary trial to de- 
termine if chickens would develop a viremia 
following subcutaneous inoculation of a rela- 
tively large dose of virus Four chickens 
were inoculated subcutaneously with 1 0 cc of 
a 10" 2 dilution of mouse brain virus The 
results of the chicken serum and organ tests 
in Exp 1 are presented m Table I It will 
be noted that virus appeared in the serum 
24, 48, and 72 or 96 hours following inocula- 
tion of the chickens 

The brain from the single mouse which 
developed encephalitic signs following the 
inoculation of a 24-hour serum sample from 
chicken 934 was passed to 3 mice all of 
which developed a typical encephalitis In 
all other instances when virus was detected, 
the quantity was adequate to kill all 5 mice 

is Havnmon, W McD , Reeves, W C , and Iznrm, 
E M , J Exp Med , 1946, S3, 175 

17 Hunmon W McD, and Reeves, V C, 
J Exp Med, 194h, 8i, 103 
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was started as a simultaneous control series 
C and 4 were sacrificed after 11 to 13 days 
for simultaneous tissue cholesterol control 
Si\ hens were re-bled and sacrificed after 
40 and 43 days, 10 after 47 and 49, 3 after 
50 and 55 days, and 3 after 64 days of 
choline feeding The data from the choline- 
fed series (W&S), sacrificed after 40 to 64 
days, showed definite lowering of total 
cholesterol and cholesterol esters m the blood 
and in the aortae, as well as in the heart 
muscle and livers, as set down in Table II 
These data strongly suggest that the ad- 
ministration of 0 5 g choline daily to old hens 
on a purina laying mash diet for 4 to 10 


weeks has little or no effect on the N P N , 
urea N, glucose, or serum protein levels 
It is, however, evident that the blood 
cholesterol total and ester levels are reduced 
and the organic phosphorous values slightly 
increased The levels of these substances m 
the aorta, heart muscle, and liver are like- 
wise changed Cholesterol seemingly is mo- 
bilized from the blood and tissues of hens 
and metabolized under the influence of choline 
administration 

The generous cooperation of Mr C TV Carter 
of the Texas Agricultural Experimental Station 
is gratefully acknowledged 
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Japanese B Encephalitis Virus m the Blood of Experimentally Inoculated 

Chickens * 

W McD Hammon, W C Reeves, and Rosemary Burroughs 
Tioiii Ihc George Williams Hooper Fowl Hatton for Medical Ttcsearch, Vniversihj of California, 

San Francisco 


During the past 3 years studies on the 
Japanese B virus have been undertaken in 
this laboratory with 2 possibilities m mind, 
first, that United States combat and occupa- 
tion troops would be entering epidemic areas 
and second, that the Japanese B encephalitis 
virus might be introduced on the North 
American mainland, particularly m the West 
In such an event it tvould be of inestimable 
value to have as complete a knowledge as 
possible of the potential animal reservoirs 
and vectors 1 - The course of our mvestiga- 


Ilus nucstig ition w is earned out m col 
liboiatiott with the Commission on Neurotropic 
Virus Diseases, Boaid for the Imestigation and 
Conttol of Influenza and other Epidemic Dis 
casts m the Army, Picicntue Medicine Duision, 
OffAe ot the ‘•hugton Generil, U S Arm} , and 
under i conti ict recommended In the Committee 
on Medic il Besearch between the Office of Scion 
tifie Beseaich and Derclopmcnt, and the Uimcrsitx 
of Cal.fon.. . tided In a grant fiorn the X« 
tioinl Found ition for Infmtile Panlxsis 

l Hammon, W McD , and Bern os, V C, 1 J 
T"H, THI, 5> 9<>4 


tions was influenced largely by our findings 
m epidemiological studies of the St Louis 
and Western equine types of infection 1 3 
In a separate paper we have reported studies 
in which 1 0 common species of Western North 
American mosquitoes were tested for their 
ability to act as vectors of Japanese B 
encephalitis virus 4 Of the 10 species tested 
7 were demonstrated to be laboratory vectors, 
and this included those species already proven 
to be important vectors of the Western equine 
and St Louis encephalitis viruses 1 The 
present paper reports tests of the ability of 
the chicken, a vertebrate host of the local 
endemic arthropod-borne encephalitides, 1 3 to 
act as a host for the Japanese B encephalitis 
virus 

Considerable difficulty has been encountered 

•i II munoii, V MeD , Calif and IV at Vcd , 
1944, 01 , 145 

> II unman, IV MeD , Bce\ rs, W C, and Gny, 
V, J J P It, 1943, 33, 201 

i Buns, W C, and II unman, V MiD, T Lvp 
IGrf, 1940, 83, 1S5 
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*S = Sol Hill 
t V = I’iosIi 
} U = Umlllnlcil 
$ 1<’ui — li’roien 
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TABLE I 

Exp I Dccembei 1944 Results of Tests for Virus Made on the Serum of Chickens Inocul ik.l 
Subcutaneously with 1 0 ec of Japanese B Encephalitis cirus, Xakaaama Stnin. in a 
10-2 Dilution 


Chicken 

Penod 

after inoculation Avhcn bled or lutopsitd uid scrum or 
organs tested for \ irus 

Serum 
24 hr 

Serum 

48 hr 

Serum 

72 or 96 hrt 

‘"A 

Spleen and brum* 

40 daa s 

933 

3/ 5} 


0/3 

0/5 

934 

1/5 


3/5 

0/5 

931 


3/5 

0/5 

0/5 

932 


0/5 

0/5 

0/5 


* Spleens and brains from all 4 chickens pooled and one set of 5 mice inoculated 
t Due to loss of labels the 72-hour and 90 hour bleedings were confused 
$ Numerator indicates number of mice that died and the duiouunatoi the number m 
oculated 


inoculated 

After 40 daj s, all 4 chickens were sacrificed, 
the spleens and brains were pooled and tested 
for virus with negative results 

Expenment 2 Having demonstrated in 
Exp 1 that chickens would develop a virenua 
following subcutaneous inoculation of large 
amounts of virus, Exp 2 was performed to 
determine in greater detail the length of time 
during w’hich virus would persist m the serum 
and the spleen of chickens inoculated sub- 
cutaneously with a small amount of virus 
A small amount was used because it was 
wished to duplicate what might occur nat- 
urallv from a mosquito bite Eight chickens 
were inoculated with 0 3 cc of a 100 LD-S0 
dilution of virus, as determined by titration 
mtracerebrally in mice (1 9,000,000 dilution 
of mouse brain) Bleedings were begun 24 
hours aftet inoculation and continued every 
12 hours up to 120 hours and every 24 
hours from 120 to 192 hours after inocula- 
tion Tw'o chickens were bled at each period 
Each serum was tested by intracerebral in- 
oculation of S mice (Table II) When only 
one of the S mice succumbed a frozen por- 
tion of the same serum was inoculated into 
5 other mice for confirmation If 2 or more 
of the 5 mice succumbed a frozen portion 
of the serum was titrated in 10 fold dilu- 
tions The death of a single mouse in a 
group of S inoculated with undiluted serum, 
we do not accept as proof of the presence 
of virus Virus w>as apparently isolated (at 
least 2 of 5 mice inoculated died at the proper 
interval), on at least one occasion from the 


undiluted serum of 5 of the 8 inoculated 
birds Virus w’as demonstrated from at least 
one of the 2 chickens tested at 48, 72, 84, 
96, 144 and 168 hours after inoculation At 
144 and 168 hours isolations were made from 
the serum of both birds tested As an in- 
dication that virus titers were low, it may be 
observed that in no instance was virus dem- 
onstrated (by the death of more than one 
mouse) in a 1 10 dilution of the serum, nor 
were all mice killed by the undiluted serum 
as had occurred regularly in Exp 1 Virus 
was not isolated from the spleens of any of 
the chickens in tests made at 120, 144, 168 
and 192 hours 

Miscellaneous experiments to demonstrate 
injectivity oj chicken blood A single attempt 
was made to infect a chicken by the bite of 
infected mosquitoes (Culex piptens Linn ) 
This expenment was successfully concluded, 
virus w'as demonstrated in the chicken’s serum 
48 and 96 hours after the bite of 4 of the 
infected mosquitoes Five out of S, and 
4 out of 5 inoculated mice succumbed re- 
spectively from these sera 

Two other chickens, employed in a mite 
feeding expenment, w'ere bled following 
subcutaneous inoculation of 0 2 cc and 1 0 cc 
respectively, of a 1 O' 3 dilution of mouse-bram- 
virus The serum of the chicken inoculated 
with the smaller dose, when taken 48 hours 
after injection, killed all 5 inoculated mice 
and the serum of the latter, tested at 48 
and 72 hours failed to kill any of the mice 

Two attempts to infect mosquitoes from 
inoculated chickens A' ere unsuccessful In one 
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Materials and Methods The majority of 
the materials and methods employed in the 
present work were similar to those which have 
been described in detail in a recent paper 0 
These included methods of maintaining the 
tsutsugamushi organisms, of determining in- 
fective titer, and of performing complement 
fixation tests In addition to the Imphal 
Xo S and Calcutta strains of R oricntahs 
used previously, the K.arp Jb 7 and K.ostival s 
strains were employed in certain of the cur- 
rent tests Scrub typhus vaccines were pre- 
pared m a manner identical with that de- 
scribed' - at length for making “crude 
antigens In brief, the method was this 
white mice, white rats (weight 125-150 g), 
or cotton rats were injected intravenously 
with 0 5, 2 0, or 10 cc, respectively, of a 
10% suspension of infected yolk sac which 
contained about 10 s MLD of R oricntahs 
on the basis of intraperitoneal titration in 
mice Lungs and spleens were harvested dur- 
ing the fourth or fifth day when the animals 
were moribund or recently dead After the 
tissues were ground in a mortar with alundum, 
10% suspensions were prepared m physi- 
ological saline solution and these were freed 
ot large particles by centrifugation in the 
horizontal machine at 2,000 rpm for 5 
minutes A portion of the supernatant fluid 
was immediately titered for infectivity The 
remainder was promptly treated with suffi- 
cient USP formaldehyde solution and 
merthiolate to bring the final concentrations 
to 0 1 and 0 01%, respectively The for- 
malimzed suspensions were stored at -}- 5°C 
for one to 6 weeks and then employed in 
vaccination experiments The amounts of 
complement fixing antigen of scrub typhus 
m most of the materials used as vaccines 
were determined by titration These data 
are given m Table V of the first paper in 
this senes 0 

Groups of 24 to 70 mice were vaccinated 

°Smadel T E, Rights, F L, and Jackson, E 
B 7 Exp Med , 1946, S3, 133 

7 Bengtson, I A , Pul) Health Pep , 1945, OO, 
14S3 

s Blake F G M-ixcv, K F , Sadusk, J F , Jr , 
Kohls, G M , and Bell, E J , Am J Hyg , 1945, 
41 243 


with the materials under investigation Each 
animal received 3 intraperitoneal injections 
of 0 5 cc amounts of vaccine given at 5-day 
intervals All mice dying during the 24 
days following the first injection were au- 
topsied, none showed evidence of scrub ty- 
phus infection Two weeks after the last 
injection, treated mice were tested for re- 
sistance to infection with the homologous 
strain of scrub typhus Such challenge tests 
were performed in the following manner 
Serial 10-fold dilutions of fresh infectious 
yolk sac mere prepared in a mixture con- 
taining physiological saline solution and 10% 
normal horse serum and were kept in an ice 
bath until the challenge inoculation mas com- 
pleted Six to 10 vaccinated mice were in- 
jected intraperitoneallyr with 0 2 cc amounts 
of one of the dilutions of infectious suspen- 
sion Depending on the available number of 
vaccinated mice, the dilutions of yolk sac 
for challenge mere so chosen that they should 
contain a sufficient number of MLD’s of 
R oricntahs to cover all or part of the range 
from 1 to 10 7 A group of normal control 
mice was injected with each dilution of the 
challenge material immediately after the test 
animals had received portions of the same 
suspension Control mice used in these ex- 
periments were of the same strain and weight 
as the vaccinated mice Infected mice were 
observed for 21 days and deaths recorded 
The resistance of treated mice to infection 
with R oricntahs was estimated in the follow- 
ing manner The 50% end-point method of 
calculating infective titer was applied to the 
data obtained when groups of treated and 
control mice were challenged with serial 10- 
fold dilutions of infectious material In those 
experiments in which some mice survived 
among the group that received the most con- 
centrated challenge material employed it mas 
assumed, for the purpose of calculating the 
end-point, that if a still more concentrated 
inoculum had been used then all of the mice 
would have succumbed Thus, in Table I, 
Exp 3, Vaccine 35 Spleen, only r one of 8 mice 
died when challenged with a 1 CH dilution 
of material, nevertheless, it was assumed that 
all 8 mice would have died if they had re- 
ceived a 10-® dilution of the same challenge 
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instance 42 mosquitoes fed and m the other 
58 Both chickens had been inoculated 48 
hours previously with 1 0 cc of a Kb 3 dilu- 
tion of mouse brain virus Five out of 5 
and 2 out of 5 mice, respectively, died from 
inoculation of serum from these chickens at 
the time of mosquito feeding 

Conclusions As a result of inoculating 
Japanese B encephalitis virus subcutaneously 
in chickens, virus can frequently' be detected 
in the serum 24 hours to 7 days later Even 
the subcutaneous inoculation of minute 
amounts of virus frequently resulted in 
viremia In addition, it was demonstrated 
that following the bite of 4 infected mos- 
quitoes infection with viremia occurred m the 
one chicken used In these experiments, when 
employing a "brain-adapted” strain of virus 
and 2- to 3-months-old chickens, the titer of 


virus m the serum was relatively low It 
was lower using this agent, than in similar 
experiments with strains of St Louis and 
Western equine viruses recently isolated from 
mosquitoes In 2 test feedings on chickens 
inoculated with Japanese B virus no mos- 
quitoes became infected, but w r e feel that no 
conclusions should be drawn from such a lim- 
ited test Virus did not persist in the spleen 
of inoculated chickens over 8 days nor in 
the brain over 40 days (not tested earlier) 
These experiments do not conclusively dem- 
onstrate that the chicken can or cannot be 
a source of Japanese B virus infection for 
mosquitoes, but indicate that such a possi- 
bility exists We feel that chickens and other 
birds should be considered potential sources 
of mosquito infection and that they deserve 
further study with recently isolated strains 
of virus 
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Studies on Scrub Typhus II Preparation of Formalinized Vaccines from 
Tissues of Infected Mice and Rats * 

Joseph E Smadel, Fred L Rights, and Elizabeth B Jackson 
From the Diusion of Virus and Jticl cttsial Diseases, Anny Medical School, Washington D C 


Following a number of unsuccessful at- 
tempts to prepare a potent inactive vaccine 
against scrub typhus (see references cited in x ) 
materials which showmd promise were ob- 
tained in 3 laboratories 1 2 3 almost simulta- 
neously The first of these vaccines 1 wrns 

’ Most of the experiment'll u 01 h discussed litre 
evts done in the Virus Dnision, First Medical Gen 
er-ll Laboratory, U S Arm j It « is repotted to 
the Dnector, USA Typhus Commission, and 
certain workers m the field in confidential com 
munic itions listed in reference 3 

1 a Fulton, F , N itional Institute foi Medical 
Kescireh, London, 21 June 1044, b Fulton, F , and 
Joe ner, L , Lancet, 1945, 3, 1 29 

2 a Plotz, H, Bennett, B L, Beagan, B L, 
Bell E J , Hamilton, H L, and Snidu, M J , 
Beporfc to the Dircetoi, USA Typhus Conmus 
sion, 23 September 1044, b Plotz, II Bennett, 
3 L ; and Beagan, B L , Pnoc Soc Exp Biol 


prepared by an adaptation of the rodent 
lung method used by Castaneda 1 and by 
Durand and Sparrow 5 for the cultivation of 
rickettsiae of murine and epidemic typhus, 
a tissue culture method was used for the 
second type of vaccine, 2 and rodent tissues 
for the third 3 The present report describes 
hitherto unpublished data on the preparation 
of a formalinized vaccine from the lungs and 
spleens of rodents infected by the intravenous 
route 

a\d Med , 194ii 61, 313 

* Sm tdel, T E, Bights, F L, tnd Jack-on, E 
B, confidential lepoits to the Director, US V 
Typhus Commission, submitted 2 October 1044 
i ml 10 June 1945, respcctnely 
iCistmeda, M B, Medicine, Mexico 1038 18 , 
U07 Am J Path, 1939, 15, 467 
"• Dm ind, P, and Sparrow, II, Arch Inst 
Pasteur Tunis, 1040, 20, 1 
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sistance induced m mice by the scrub typhus 
-vaccines is evident from the following ob- 
servations Mice injected mtrapentoneally 
on 3 occasions with 0 5 cc amounts of “normal 
tissue vaccines” developed no appreciable re- 
sistance to infection by the mtraperitoneal 
route with R oncntahs Normal tissue vac- 
cines consisted of formalmized 10% suspen- 
sions of lungs of uninoculated mice or 
formalmized ether extracted 10% suspensions 
of yolk sacs of uninoculated 12-day-old em- 
brvonated eggs In one experiment with nor- 
mal mouse vaccine the titer of a given sus- 
pension of infectious material was 10' 7 0 in 
unvaccmated mice and ICh 7 3 m vaccinated 
animals, m a similar experiment with normal 
yolk sac vaccine the values were 10" 8 2 in 
the control and 10^ 0 m the v accmated group 
Similar results with normal tissue vaccines 
have been reported by other workers 1 - Tests 
on 10 impotent scrub typhus vaccines gave 
further evidence that the degree of resistance 
obtained m the experiments summarized m 
Table I was significant The immunity in- 
dex of each of these vaccines was m the 
neighborhood of 10, m other words, such 
vaccinated mice resisted not more than 10 
MLD’s of nckettsiae These 10 impotent 
vaccines were of 2 types (1) ether extracted 
formalmized suspensions of infected yolk 
sacs, and (2) suspensions of mouse tissue with 
low infective titers (less than 10* 7 °) before 
inactivation 

Potent scrub typhus vaccines have been pre- 
pared from rodent tissue which were highly 
infectious The suspension of pooled lung 
and spleen used to prepare vaccine AMS 2 
listed in Table I titered 10 - ® 0 The infective 
titers of the tissues employed as starting 
material for the other vaccines mentioned 
m Table I ranged from 10 -7 5 to 10~° °, see 
Table V of the first article m this series 0 
As already indicated, the immunity indices 
obtained for 8 lots of mouse vaccme that 
had titers of lCb® to ICY 7 before inactiva- 
tion were never greater than 1 S and in 
most instances the values were about 1 0 
Therefore, vaccines with defmite immunogenic 
properties were prepared only from tissues 
with infective titers in the neighborhood of 
10 -« 


Attempts to estimate the immunizing ca- 
pacity of a scrub typhus vaccine on the basis 
of its content of complement fixing antigen 
have not been encouraging to date While 
potent vaccines contained sufficient amounts 
of such antigen to give titers of 1/3 to 1/6 
(Table V, reference °), nevertheless, a num- 
ber of the unsatisfactory vaccines also 
contained the antigen m some quantity 
Furthermore, the serological titer did not 
correlate sufficiently closely with the infective 
titer to provide a means of estimating the 
latter over the range from 10~ 7 n to 10~ 00C 
An assay for determining the immunizing 
capacity of a scrub typhus vaccine is a 
lengthy and expensive procedure In the 
course of the present work, certain criteria 
have been adopted which provide a series 
of checks on a vaccine during its preparation 
Since these criteria have been employed, final 
assay has been avoided on a number of vac- 
cines which would probably have given im- 
munity indices of less than 3 0 and, more 
important, good vaccines have been produced 
consistently The following points are now 
observed A strain of R orientahs is not em- 
ployed for the preparation of white rat vac- 
cines until it is sufficiently' well adapted to 
growth m eggs to provide, with fair regularity, 
yolk sacs which are infective for mice at 
a dilution of 10 -8 Fortunately, an estima- 
tion of the infective titer of each yolk sac 
inoculum can be obtained rather rapidly' by 
determining the average day' of death of 
mice injected intravenously' with 0 5 cc 
amounts of a 10% suspension of the egg 
material (Fig 1) Therefore, at the tune 
white rats are injected intravenously with 
an infectious yolk sac suspension a group of 
4 to 6 mice is injected by' the same route 
with 0 5 cc amounts of the material If 
the rats and mice die during the fourth or 
fifth day then the lung and spleen tissues 
of the rats are harvested, pooled and titered 
mtrapentoneally m mice The suspension 
of rat tissue is formalmized and stored at 
5°C during the 21 day's required for titration 
If the infective titer is 10~® or greater, the 
vaccme is considered worthy of a final assay' 
for immunogenic activity Since this system 
was instituted, 4 successive vaccines prepared 
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TABLE i 

Resistance of Vaccinated Mice to Scrub Typhus 


Dilution of challenge inoculum Titer Immunity 


Exp No 

l accmc number 

10 2 

10 a 10 * 

10 C 

10 « 

10 ' 

10 s 

30 o' 

50% lethal 

(Jog) 

index 

(Jog) 


Entreated 




4/5 

4/5 

5/5 

1/5 

—84 


1 

Mouse 2G 



2/5 

3/6 

1/0 

3/6 

—63 

2 3 

(Imphal) 

Lung 







Mouse 26 



1/5 

1/6 

3/6 

1/6 


—54 

30 


Spleen 









2 

Entreated 





4/4 

3/3 

0/4 

—85 


(Imphal) 

Mouse 27 

Lung 



4/6 

1/5 

0/5 

— 5 4 

3 1 


Entreated 




7/8 

7/8 

4/8 

1/8 

—79 



Cotton rat 32 



3/7 

2/6 

1/6 

0/6 

—53 

24 


Lung 









3 

Cotton rat 34 



2/6 

1/6 

1/5 

1/5 


—52 

27 

(Imphal) 

Lung 

White rat 35 


4/8 2/8 

5/0 

1/9 

3/8 


—42 

37 

0/8 


Lung 

White rat 35 


1/8 

2/8 

3/8 


—39 

40 

0/8 

0/8 


Spleen 









Entreated 

10/10 10/10 S/10 10/10 

10/10 

9/10 

10/10 3/10 

—85 


4 

White rat 










(Karp) 

AMS 2 

0/10 

6/10 5/10 

0/10 

3/10 

1/10 

1/10 


—40 

45 


Lung & spleen 


Denominator indicates size of group challenged 

Xumeiator indicates number of mice m each group that died from the challenge inoculation 


inoculum The immunity inde\ value for a 
vaccine represented the difference between 
the infective titers determined in control and 
vaccinated mice and was expressed as a posi- 
tive logarithm 

Results The results summarized in Table I 
indicate that, under the conditions of these 
experiments, mice develop resistance to in- 
fection with R oriental! s following vaccina- 
tion with formahnized suspensions of tissues 
of mice, white rats, or cotton rats that die 
from scrub typhus It is apparent from the 
data presented that resistance varied among 
individual mice in a group which received a 
given vaccine 1 For example, in Table I, 
Exp 1, 3 of the 6 mice immunized with 
spleen vaccine succumbed when challenged 
with approximately 25 MLD s of R onentahs 
while 4 of 5 survived 2500 MLD’s In order 
to overcome difficulties caused by such in- 
dividual variation, the number of mice in 

f Our observations, Uke those of others, s inch 
eate that mice which smene mapparent infection 
vath scrub typhus consistent resist mtra 
peritoneal challenge with large doses of R 
onentahs 


each group was increased and the range of 
dilutions employed in the challenge inocula- 
tion was broadened The type of procedure 
now employed in this laboratory for assay 
of vaccines prepared from lung and spleen 
of infected white rats, as well as from tissue 
cultures of R onentahs is illustrated m 
Table I, Exp 4 It will be noted that the 
immunity index in this experiment was 4 5, 
m other words, the mice resisted about 32,000 
MLD’s of richettsiae It is also apparent 
from the tabular data that the maximal ex- 
tent of the immune response elicited m mice 
was not determined for certain of the vac- 
cines prepared from mice and cotton rats 
This was because the lowest dilution of chal- 
lenge material employed did not kill the ma- 
jority of the vaccinated mice which received 
it Consequently, even though the values 
of the immunity indices were less for vac- 
cines prepared from these 2 species than 
for those derived from white rats, no con- 
clusions are warranted regarding comparative 
immunogenic properties of vaccines prepared 
from the 3 species 

The immunological specificity of the re- 
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past few months ba\e consisted of pooled 
lung and spleen tissue of infected white rats, 
30 to 33 cc of vaccine were obtained 'regular- 
ly from each animal • 

Fulton and Joiner 1 prepared scrub typhus 
\accme from lungs of cotton rats infected 
by the mtranasal route with suspensions of 
mouse lung rich in R orient alts The vac- 
cines produced by this method and bv ours 
were comparable immunizing agents Thus 
the \ aceme used in the experiment sum- 
marized in their Table VII has an immunity 
index of 3 7 according to our manner of ex- 
pressing immunogenic activity Certain dif- 
ficulties encountered in the technic of these 
authors for preparing scrub typhus xaccine 
have been adequately emphasized 1 0 The 
method we have used avoided or minimized 
several of these difficulties In the first 
place, bacterial sterility of seed inoculum was 
no problem when volh sac material w as 
used Secondly, the intravenous route of 
inoculation of dangerous material was rela- 
tively safe and simple compared with the 
mtranasal route Finally', white rats were 
easier to obtain and handle than cotton rats 
These advantages are apparent now How- 

' Bnckl ind, F E, Dudgeon A, Fdward, D G 
F F , Henderson Begg, A , MacCallum, F O , 
Xncai, J S F, Rowlands, I W , Van den Eude, 
it , Bargnnnn, H E , Curtis, E E , and Shepherd, 
M A , Lancet, 1045, 2, 734 


ever, the British workers were the first to 
report on the preparation of a scrub typhus 
vaccine with some immunological activity 
and we agree with their statement that ‘m 
wartime — expense and efiort are secondary 
considerations, ’ n 

It is apparent from the accompanying paper 
by Plotz and his coworkers 2 that scrub typhus 
\aecine can be prepared from tissue cul- 
tures and that such vaccines are as potent 
as those made from white rats It was and 
still is, our opinion that any one of the 3 
methods, i c , mtranasal inoculation of cotton 
rats, grow th m tissue cultures, or intravenous 
injection of white rats, could be used for the 
production of appreciable quantities of vac- 
cine but that each would present serious 
technical difficulties for commercial applica- 
tion It has been adequately' shown that 
the use of yolk sacs infected with the 
rickettsiae of epidemic typhus has Droved 
suitable for large scale manufacture of a 
potent vaccine against this disease How- 
ever, the application of these methods to the 
production of scrub typhus vaccine remains 
to be accomplished 

Summary Formalimzed vaccines prepared 
from lungs or spleens of white mice, cotton 
rats, and white rats infected with R oricntahs 
are capable of protecting mice against in- 
fection with scrub typhus White rats are 
the animals of choice for the preparation ot 
vaccines bv the method described 
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Harry Plotz,* Byron L Bennett,* and Reginald L Reagan 

From the Division of r irus and Jticl clt'ial Diseases, Army Medical School, Washington, V C 
and the United States of America Typhus Commission, War Department, Washington, D C 


The occurrence of scrub typhus m combat 
areas stimulated research on the development 
of a scrub typhus vaccine 1 Three such vac- 

* Member, United States of America Tvphus 
Commission 

i Blake, F G Maxet, K F, Sadusk, J F , Jr , 
Holds, G M, and Bell, E J Jm T Byn , 1945, 
* 41 , 243 


ernes have been described The first of these 
was prepared from the lungs of mtranasally 
infected cotton rats 2 the second from agar 

- a Fulton, F , National Institute for Medical 
Resean.li London 21 June 1944, b Fulton F, 
and Jovnei, L Lancet 1945 2, 729, c Buckland, 
E E Dudgeon, A Edward D G F F , Sender 
■=011 Begg A , MreCallum F 0 , Niven, J S F , 
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Correlation of Infective Titei 


Fig 1 

of Scrub Typhus Toll Sacs with Time of Death of Mice Injected Intra 
renousiy with a 10-1 Dilution 



Average day of death of mice receiving fCT dilution intravenously 

Open elides m the nboie graph represent data obtained with 1th to 42nd jolh sac passages of Imphal 
strun v lnlc solid enclcs indicate lesults ivitli 13 th to 30th j oik sac passages of the Calcutta strain, 


icsputivelj 

from white rats infected with Karp or Kostival 
organisms have been tested and found to 
have immunity indices of 3 3, 3 3, 4 0, and 
4 5 Two batches of vaccine prepared dur- 
ing this period were not assayed because 
they failed to meet one of the preliminary 
criteria 

Discussion Although white rats were used 
m the preparation of the most potent scrub 
typhus vaccines made during the present 
studies, infected mice and cotton rats also 
supplied material for immunologically active 
vaccines The white rat offers a number of 
advantages over the other 2 species of rodents 
for the preparation of scrub typhus vaccine 


on even a laboratory scale, one of the more 
important is the greater yield of infected 
tissue For example, from the 6 white rats 
used for Vaccine 35, 12 7 g of lung and 
7 9 g of spleen were harvested and these 
tissues had infective titers of 10~ 9 0 and 10~® s , 
respectively In contrast, the 6 cotton rats 
employed for Vaccine 34, which received the 
same inoculum used for the rats of Vaccine 35, 
yielded only 5 7 g of lung and 0 7 g of spleen 
which had infective titers of 10^° and 
JO-7 s xbus, with the same expenditure of 
effort, 20 6 g of starting material was obtained 
from white rats compared with 64 g from 
cotton rats Vaccines prepared during the 
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TABLE I 

Resistance of Vacunntid Mice to Scrub Tophus 

Dilution of challenge inoculum Titer Immunity 

v 50% lethal index 


Vaccine Xo 

10 l 

10 = 

10 i 

10 3 

10 -■ 

10 e 

10 T 10 s 

10 » 

(tog) 

(k>g) 

31 L D 

440S02 












Controls 



5/3 

3/5 

5/0 

5/5 

o 

\ 

Cl 

Cl 


— 7 2 



Vaccine 

440919 



3/S 

0/7 

1/7 

1/8 



—3 0 

42 

15,800 

Controls 

10/10 10/10 

10/10 

9/10 

10/10 

10/10 10/10 1/9 


— 7 0 



Vaccine 

440928 

10/10 

0/10 

4/10 

0/10 

3/10 

3/10 

1/10 


—3 9 

3 7 

5,010 

Controls 


10/10 

10/10 

9/10 

10/10 

10/10 

6/10 1/10 


—7 2 



Vaccine 

441003 


4/S 

3/S 

1/S 

2/8 

0/8 

3/S 


—30 

4 2 

15,800 

Controls 


10/10 

10/1010/10 10/10 

10/10 

5/10 2/10 


— 7 2 



Vaccine 

441009 


0/10 

4/10 

3/10 

2/10 

3/10 

1/10 


—32 

4 

10,000 

Controls 


10/10 

10/10 10/10 10/10 

9/10 

8/10 2/10 


—74 



Vaccine 

441017 


3/10 

S/10 

3/10 

1/10 

2/10 

2/10 


—33 

39 

7,950 

Controls 


10/10 

10/10 10/10 10/10 

10/10 

7/10 9/10 


— S 3 



Vaccine 

441024 


5/0 

7/10 

2/9 

5/10 

6/10 

2/8 


—4 4 

3 9 

7,950 

Controls 


G/0 

0/G 

G/G 

G/G 

G/G 

3/6 2/0 


—73 



Vaccine 

110G45 


4/G 

2/G 

3/G 

1/0 

0/6 

0/6 


— 2 9 

4 4 

25,000 

Controls 


10/10 

10/1010/10 10/10 

10/10 

9/9 7/10 

7/9 

—9 1 



Vaccine 


7/7 

9/10 

0/10 

1/10 

2/20 

0/10 4/10 

0/10 

— 1 0 

4 5 

31,600 


Denoninutor indicates size of group challenged 

Xumeritor mchcites number of mice in each group tint died fiom the challenge inoculation 


flask this solution consisted of one part 
M/15 Sorenson’s phosphate buffer pH 7 0 
and 4 parts physiological saline solution, and 
contained merthiolate or formaldehyde as a 
preservative The preservative was used at 
a final concentration of 1 10,000 of merthio- 
late or 0 2% of USP formaldehyde, a com- 
bination of both was employed in a few in- 
stances The cells were scraped from the 
agar surface by means of a glass rod and 
pipetted into a 250 cc Pyrex bottle containing 
glass beads The material was maintained 
at 4 °C for 4 to 6 days and then frozen at 
' — 20°C overnight It was then thawed at 
room temperature and again frozen at — 20 °C 
The next morning it was thawed at room 
temperature and centrifuged m a horizontal 
centrifuge at 1,500 rpm for 15 minutes 
The supernatant fluid was removed and saved 
The sediment, still in the original bottle, 
was shaken on a machine for one hour The 
supernatant fluid which had been saved was 
added to the shaken material and the mix- 
ture was centrifuged m a horizontal machine 
at 1,000 rpm for 10 minutes The 


supernatant fluid, which represented the vac- 
cine, was stored at -j- 4°C until the results 
of aerobic and anaerobic cultures and safety 
tests in mice became available 
The vaccines were tested m the following 
manner groups of from 30 to 80 Swiss mice, 
weighing from 15 to 18 g, were inoculated 
with the materials under investigation Each 
animal received 4 intraperitoneal injections 
of 0 25 cc amounts of vaccine at 5-day 
intervals, in some instances 2 intraperitoneal 
injections of 0 5 cc amounts of vaccine were 
given at a 7-day interval Some of the 
vaccines were also used to immunize mice 
by the subcutaneous route Twelve to 14 
days following the last dose of vaccine treated 
mice were tested for resistance to infection 
with the homologous strain of scrub typhus 
For this challenge inoculation serial 10-fold 
dilutions of fresh infectious } r olk sac suspen- 
sions were prepared in a mixture containing 
physiological saline solution and 10% normal 
rabbit serum and placed in an ice bath 
until the inoculation was completed Each 
mouse received an intraperitoneal injection 
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tissue cultures/ and the third from the lungs 
or spleens of intravenously infected white 
mice, cotton rats or white rats 4 The present 
paper describes certain results which have 
already been reported m a restricted com- 
munication 3 as well as unpublished data, on 
the preparation of an inactivated vaccine 
from agar tissue cultures 

Materials and Methods The peritoneal 
exudate of mice infected with the Kostival 1 
or Karpf strains were used to initiate yolk 
sac cultures The early yolk sac passages 
were rather poor in rickettsiae as judged by 
stained preparations (fix in methyl alcohol 
3 minutes, stain with 2 cc of Giemsa m 58 
cc of M/50 buffer solution pH 7 2 for 30 
minutes, decolorize with acetone 3 seconds, 
water) However, by selection and subse- 
quent passages the yolk sacs became richer 
so that after the 40th passage of the Kostival 
strain, and the 30th passage of the Karp 
strain, yolk sacs Here occasionally found that 
appeared as rich in rickettsiae as yolk sacs 
infected with the Breml epidemic typhus 
strain After 55 passages of the Kostival 
strain about 40% of the yolk sacs were con- 
sidered rich, this increased to about 80% 
after 82 passages but no additional improve- 
ment occurred up to the present (122 pas- 
sages) Optimal growth of R orientalis m 
the yolk sac was found to occur when 5- 
or 6-day fertile hens’ eggs were inoculated and 
maintained at 35 °C for 8 days The embryos 
usually died on the 10th day under these 

RouHncls, I TV, Van den Ende, 1 1, Birgman, 
H E , Curbs, E E , and Shepherd, M A , 
Lancet, 1945, 2, 734 

3 Plotz, H , Bennett, B L , Eeagan, R L , Bell, 
E J , Hamilton, H L , and Snyder, M J , Report 
to the Director, USA Typhus Commission, 23 
September 1944 

4a Smadel, J E, Bights, E L, and Jackson, 
E B, Beports to the Director, USA Typhus 
Commission, submitted on J October 1944 and 
19 June 1945, respectively, b Smadel, J E, 
Eights, F B, and Jaekson, E B , J Exp Med, 
1946, 83, 133, c Smadel, J E, Bights, P L, 
and Jaekson, E B in press 

t Isolated by Dr B Leivthuaite in New Guinea 
and brought to the United States hj the U S 
Navj 


conditions The 50th yolk sac passage of 
the Kostival strain, when titered mtra- 
peritoneally, was infectious for mice at a 
dilution of 10" 7 and the 60th passage at 
ICr 9 3 The 36th passage of the Karp strain 
had an infective titer of 10*® 1 Yolk sacs 
that were rich m R orientalis were selected 
to initiate agar tissue cultures Seed ma- 
terials from the 50th to 61st passage of the 
Kostival strain and of the 36th passage of 
the Karp strain were used m preparing the 
vaccines mentioned in Table I 
The agar tissue culture technic used by 
Zinsser, Plotz and Enders 5 for the preparation 
of an epidemic typhus vaccine was employed 
m the present studies Ten- or 11-day-old 
normal chick embryos were removed stenlely 
and after excising the eyes, the embryos were 
passed through the Fisher press in order to 
obtain pieces of embryo tissue of approxi- 
mately the same size The inoculum was 
prepared as follows infected yolk sac was 
ground m a mortar with alundum and a 
20% suspension was made using the infected 
yolk fluid as diluent About 7 cc of normal 
chick cell suspension and 3 cc of yolk sac 
material were thoroughly mixed, using a 10 
cc pipette with a broken end This mixture 
was placed m the ice box (-f-4°C) for 20 
to 30 minutes and then 2 cc of it were 
delivered to each flask and evenly spread 
over the surface of the agar with a bent 
glass sterile rod After carefully corking 
the flask with a rubber stopper, the flasks 
were incubated at 35°C for 8 days At this 
time the Giemsa stained preparations in a 
relatively large number of flasks showed the 
cultures to be rich in mtra- and extra- 
cellular rickettsiae In contrast to the ap- 
pearance of the rickettsiae m yolk sac prepara- 
tions, the organisms m the agar tissue cul- 
tures were longer and plumper Infectivity 
of such cultures for mice was determined on 
5 occasions, it varied between 10"' to 10* 8 6 
Vaccines were prepared from tissue culture 
material m the following manner after dis- 
carding the condensation fluid from each 
flask, 5 cc of a diluent was added to each 

O Zinsser, H, Plotz, H, ana Baders, J , Science, 
1940, 01 , 51 
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TABLE II 

Effect of Control Materials on Resistance to Scrub Tiphns 


Dilution of challenge inoculum Titer Immunity 

Yiceme , , 309c lethal index 


10 2 10 3 10-4 10 3 10 S 10 - 10 s (log) (log) M L D 


0 0 

IS 03 


T YBLE III 

Effect of Booster Inoculation on Resistance to Scrub Typhus 


V iccine 

Xo 44120G 


Dilution of challenge inoculum 


Titer 

309c lethal 

(leg) 

Immunity 

index 

(log) M L D 

10 2 

10 

10 -i 

10 3 10 c 10 I 

10 S 

I P 2 times 

I P 2 times 

0/7 

7/S 

3/S 

1/S 7/S 0/S 


-47 

IS G3 

- 1 - booster 
Envaecimted 

0/7 

1/7 

3/7 

1/S 0/S 0/7 


— 2S 

3 7 3 010 

controls 

S/S 

S/S 

S/S 

S/S 4/S 3/S 

1/S 

— 0 5 



Normal cinch 


tissue 

10/10 

‘vKtine” 


Epidemic 


n pirns 

0/0 

vu-iiiie 


Controls 

10/10 


10/10 10/10 0/10 0/0 

O/10 0/10 7/10 2/10 
10/10 10/10 7/9 0/10 


0/10 

—7 2 + 

3/10 

—5 4+ 

G/10 3/10 

—7 2+ 


sistance to infection, the results are sum- 
marized in Table III It is eudent that the 
immunity index obtained when one course of 
xaccine was given mtraperitoneally was IS 
logs while the index obtained when a booster 
dose was given was 3 7 logs, almost a 100-fold 
increase It is of interest to note that this 
\accme when administered subcutaneously , 
induced no resistance even when the booster 
technic was employed 
Discussion The degree of protection af- 
forded by the 3 types of scrub typhus vac- 
cines 234 is comparable The vaccines pre- 
pared b\ Fulton and Joyner 2 or Smadel, 
Rights, and Jackson 4 as well as ourselves, 
elicit immunity' w'hen the vaccines are in- 
jected intrapentoneally' but none when giten 
by the subcutaneous route It is believed 
that the mtraperitoneal immunity' is specific, 
for control materials inoculated intra- 
pentoneally do not induce such protection 
The immunity index induced b\ the scrub 
typhus vaccines prepared from the lungs of 
cotton rats infected by the intranasal route 
showed an immunity index of 3 7 logs 2 while 


the vaccines prepared from the lungs of 
white rats, after intravenous inoculation, 
x'aried from 2 3 logs to 4 5 logs 4 Vaccines 
were prepared from agar ijissue cultures 
which afforded an immunity' index of from 
3 7 logs to 4 S logs 

While the manufacture of large amounts 
of agar tissue culture scrub ty'phus x'accme 
would present certain technical difficulties, 
this method is feasible for making sufficient 
amounts to protect certain particularly' ex- 
posed personnel \n advantage m the agar 
tissue vaccine over the others described is 
that a relatively' clean product can be ob- 
tained Of the various tissue culture methods 
employed m the preparation of rickettsial 
vaccines, the y r olk sac method no doubt would 
be the best for large scale production A 
successful vaccine has not as yet been pre- 
pared from this material, one reason being 
the deleterious effect of ether upon the antigen 

Summary Inactivated xaccines prepared 
from agar tissue cultures infected with R 
orient ahs are capable of protecting mice 
against infection with scrub ty’phus 
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of 0 2 cc amounts of one of the dilutions of 
infectious material An attempt was made 
to cover the entire range of dilutions from 
10~ 2 to 10- Normal control mice were in- 
oculated with each dilution of the challenge 
material immediately after the test animals 
had received portions of the same suspension 
Infected mice were observed for 21 days and 
deaths recorded All deaths before the sixth 
day were considered as non-specific 

The resistance of vaccinated mice to in- 
fection with R oiientahs was estimated m 
the following manner The 50% end-pomt 
method (Reed-Muench) of calculating in- 
fective titers was applied to the data obtained 
when groups of vaccinated and control mice 
were challenged with serial 10-fold dilutions 
of infectious material In those experiments 
m which some mice survived among the 
group that received the most concentrated 
challenge material employed, it was assumed, 
for the purpose of calculating the end-pomt, 
that if a still more concentrated inoculum 
had been used then all of the mice would 
have succumbed 

Results The results obtained in im- 
munological tests on 8 scrub typhus vaccines 
are summarized in Table I It is observed 
that under the conditions of these experi- 
ments, an immunity index of from 3 7 logs 
to 4 5 logs was found In other words, these 
vaccines induced protection against from 
5,000 to 32,000 MLD’s of R oncntahs A 
number of other vaccines were prepared which 
failed to show' the relatively high immunity 
index displayed by those illustrated in Table 
I These had indices of 1 1 to 2 43 logs 
(2 3-24-2 43 -11-21-19-17 logs) It 
is felt that these poorer vaccines resulted 
from the fact that the culture flasks were 
not adequately examined so as to include m 
the vaccines only those cultures that were 
rich in R onentahs 

The vaccines mentioned m Table I elicited 
a demonstrable resistance m mice when they 
were injected intraperitoneally and the ani- 
mals were challenged by the same route 
When certain of these potent vaccines were 
administered subcutaneously and the mice 
were challenged subsequently by the mtra- 
peritoneal route, the immunity indices vaned 


from zero to I 9 logs 
The immunological specificity ot the re- 
sistance induced by scrub typhus vaccines 
was evident from control experiments A 
normal chick tissue “vaccine” was prepared 
from agar tissue cultures m the same manner 
as w»as the scrub typhus vaccines except 
that infectious inoculum was omitted The 
mice received 2 mtraperitoneal injections of 
0 5 cc at 7-da y intervals and were challenged 
after 14 days No protection was elicited 
in the treated mice, the infective titer was 
10"‘ 2 m test and control animals Likewise, 
a similar experiment was performed using a 
commercially prepared epidemic typhus vac- 
cine The immunity index w r as 1 S logs 
or 63 MLD’s protection These data are 
summarized in Table II 

A series of experiments m which mice re- 
ceived “booster” injections of vaccine illus- 
trate the value of this type of immunization 
procedure A group of mice that had re- 
ceived the usual course of injections of 
vaccine 441009 w’as held for 30 days and then 
given a booster injection of 0 5 cc of the 
vaccine by the mtraperitoneal route The 
vaccine had an immunity index of 3 o logs 
W'hen tested by the usual method (Table I) 
but when the booster injection was employed, 
the index became 4 9 logs Thus, the in- 
duced resistance increased from 7 950 to 
80,000 MLD's A similar set of compara- 
tive experiments was made with vaccine 
441024 The immunity index was 4 4 logs 
w'hen the ordinary assay was done but rose 
to 5 4 logs in the experiment in which the 
booster injection w r as used Here again the 
protection was increased 10-fold, from 25 000 
to 250,000 MLD’s 

The salutary effect of booster injections is 
even better illustrated by the results obtained 
with a poor scrub typhus vaccine Vaccine 
441206, made w’lth the Kostival strain and 
inactivated with 0 2% formalin, was injected 
intraperitoneally or subcutaneously into 2 
groups of mice’ 0 5 cc doses were given on 
2 occasions 7 days apart The animals were 
all held for 30 days when half of each group 
received a second injection of 0 5 cc of the 
same vaccine by the original route Twelve 
days later all the mice were tested for re- 
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TABLE I 


Effect of Exudatnc Material on Number of Circulating Leutocxtes in the Guinea Pig 


Guinea pig No Amt of exudate mj 

Basal white 
blood cell lei cl 

Highest leicl of 
white blood cells 
attained within 4 hrs 
iftermj of exudate 

Absolute 
increase m 
white blood cells 


cc 

per ram" 

per mm3 

per mm3 

Z 

0 3 

0,040 

9,500 

2,800 

11 

i 

13,500 

21,S00 

8,300 

TV 

o 

10,850 

19,675 

2,825 

.T 

3 

3,325 

11,500 

8,175 

24 SG 

5 

15,400 

27,500 

12,100 

V 

5 

13,000 

22,050 

9,030 

A'g 


11,453 

18,071 

7,218 


TABLE II 


Effect of tlic Leukoci tosis promoting Factor (LPF), Iniccted Intnpcritonc"lh , on 
Leukocyte Level in the Guinea Pig 


Guinea 
pig Xo 

Amt of LPF 

B is*il WBC le\el 
(per mm3) 

Highest level 
attained within 

4 hr after mice 
(per mm3) 

Absolute in- 
crease m WBC 
(per mm3) 

X 

3 0 cc 

12,000 

17,723 

3,125 

11 

30 ” 

13,200 

21,800 

8,000 

24 39 

50 ’» 

S.712 

12,173 

3,403 

24 88 

50 ” 

15,850 

17,375 

1,525 

100 

G 0 mg 

4,03S 

7,150 

2,512 

9 

00 ” 

8,500 

15,750 

7,250 

24 3G 

80 ” 

3, GOO 

11 275 

7,075 

17 00 

85 ” 

12,750 

18,400 

5,050 

24 87 

110 ” 

12,727 

30,575 

17,848 

24-47 

12 0 ” 

9,075 

14,550 

5,475 

11 

13 0 ” 

17,223 

58,973 

41,730 

24 30 

22 0 ,r 

7,723 

15,025 

7,900 

Avg 


10 350 

20,113 

9 505 


leukocytes The average increase in the 
number of circulating leukocytes is 7,218 
or 63% This increment in the white cells 
of guinea pigs is about of the same magni- 
tude as encountered previously on dogs 1 The 
actual effect throughout the duration of an 
experiment is illustrated in Fig 1 (g p 24-86, 
Table I) 

Hating established the presence of the 
leukocy tosis-promotmg factor in dog exudate, 
which is apparently active on the number of 
circulating leukocytes m the guinea pig, ob- 
servations were undertaken in an endeavor 
to determine whether the active principle, 
i e , the LPF itself is likew lse active m the 
guinea pig The factor was recovered from 
exudates, with onU slight modifications es- 
sentially as described by one of us m an 
earlier study 8 The material dissolved in 

s Menkm, T, Arch Path, 1945, “59 IS 


saline was injected m varying doses (Table 
II) into the peritoneal cavity of guinea pigs 
In 9 out of 13 experiments, the LPF definite- 
ly increased the number of circulating 
leukocytes of the guinea pig When, as 
explained above, the disadvantages attending 
intrapentoneal injections are taken into con- 
sideration, it is readily' seen that 9 out of 
13 experiments in which activity was dem- 
onstrated seem to be of definite significance 
The average increase m the number of cir- 
culating white cells is 9,565 or 90 7% The 
recovery' of the LPF from the crude exudate, 
in which other factors are likewise present, 
readily explains the somewhat more pro- 
nounced efiect obtained (cf Table I and 
Table II) The course of an experiment 
with the leukocy tosis-promoting factor 
(guinea pig 24-87) is illustrated m Fig 1 
A study was also undertaken to determine 
the normal range of variation in the white 



318 


15310 

A Convenient Test Animal for the Detection of the Leukocytosis-Promoting 

Factor of Exudates * 

Valy Menkin, Myron D Mattison, and Elias Ulled 
(With the technical assistance of A Swanson ) 

From the Department of Pathology , Dithe University School of Medicine, Durham , K C 


Earlier studies have demonstrated in in- 
flammatory exudates the presence of a factor 
liberated by injured cells and per se capable 
of reasonably explaining the mechanism of 
leukocytosis associated with numerous in- 
flammatory processes 1 This factor has been 
termed the leukocytosis-promoting factor 
(abbreviated as LPF) Chemically, the active 
material is associated with the pseudo- 
globulin fraction of exudates 2 3 Besides being 
capable of discharging immature leukocytes 
into the circulating blood, the LPF induces 
a specific growth effect on granulocytes and 
megakaryocytes m the bone marrow 4 The 
presence of the factor m the exudates of rab- 
bits has been confirmed by Reifenstein c 
These studies have also received confirma- 
tion in the hands of Page and his associates c 

The purpose of the present brief com- 
munication is to demonstrate that the guinea 
pig can also be conveniently utilized as a 
test animal for the presence of the leuhocyto- 
sis-promotmg factor m canine inflammatory 
exudates Prior to this study, observations 
have been carried out exclusively on dogs 
The finding of a smaller test animal for the 
assay of LPF would obviously be of distinct 
advantage for future studies 

Experimental Exudative material was 

* This represents Xo 33 in a series entitled 
' ‘ Studies on Inflammation ’ ’ This study was aided 
m part b} a grant from the Duke University 
Kesearch Fund 

1 Menkm, V, Am J Path, 1940, 16, 13 

2 Menkin, Y , Arch Path , 1940, 30, 3G3 

3 Menkm, V , and Kadish, M A , Am J Med 
Set , 1943, 305 , 3fa3 

4 Menkm, V , Am J Path , 1943, 19, 1021 

5 Keifenstem, G H , Fergus on, J H , and 
Weishotten, H G, Am J Path , 1941, 17, 233 

6 Taylor, K D, and Page, I S, Am J Med 
Sci , 1944, 208, 281 


obtained from the pleural cavity of dogs 
by the intrapleural injection of turpentine, 
as previously described 7 
The whole exudate, m quantities varying 
from 0 5 to S cc, was injected into the 
peritoneal cavity of guinea pigs following the 
determination of the basal white cell count 
The blood sample was obtained by nicking 
the foe-pad with the sharp blade of a razor 
The exudative material was injected mtra- 
pentoneally, for technical convenience, rather 
than mtravascularly, as m previous studies 
This method, however, entails certain dis- 
advantages Injection into the peritoneal 
cavity may be accompanied by the puncture 
of a visceral structure with consequent in- 
troduction of the material into either intestine 
or some other organ Furthermore, white 
counts were made every hour subsequent to 
the injection of the exudative material for 
a period of about 4 hours It was found that 
after a longer interval a frank peritonitis 
frequently developed, w r hich in turn liberated 
its own LPF and thus confused the results 
But by reducing the period of study to the 
first 4 hours following introduction of the 
material, this error could to a large extent 
be eliminated Nevertheless, mtrapentoneal 
injections obviously favor a less efficient 
absorption of material than direct intra- 
vascular injection As a consequence, the 
final results obtained show definitely more 
individual variation than was encountered m 
dogs 

The results following mtrapentoneal in- 
jection of canine exudative material are as- 
sembled on Table I It is clear that at 
least m 4 out of 6 experiments the intro- 
duction of an exudate was followed by a 
definite increase m the number of circulating 

7 Menkm, V, Am J Path , 1934, 10, 193 
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EFFECT OF LEUKOCYTOSIS - PROMOTING FACTOR ON THE CIRCULATING 
LEUKOCYTES OF THE GUINEA P!G 



cell count during a period of about 5 hours 
in umnjected guinea pigs The data are 
presented in Table III (Fig 1) Except 
for one animal in winch there was an in- 
crease ot 6 450 cells, the usual range of 
maximum rise in white cells definitely tended 
to be lower than m the injected guinea pigs 
(Tables I II and III) The average in- 
crease was 3 057 cells or 36 9 % It is 
quite clear from a survey of observations of 
this nature m comparison with observations 
on experimental animals, (Tables I and II) 
that the leukocytosis-promoting factor ob- 
tained from a canine exudate is definitely 
active in inducing a leukocytosis in the guinea 
pig when the active substance is miected 
intraperitoneally 

Nevertheless, in view of the wide varia- 
tions obtained from animal to animal when 
mtraperitoneal injection of the active sub- 
stance was employed, and in view, as ex- 
plained above, of the reason for these 
fluctuations m results, a different route of 


injection was used m a series of experiments 
The leukocytosis-promoting factor or LPF 
either in the fluid state or in dry form and 
dissolved m 5 to 10 cc of physiological saline 
was now injected subcutaneously This was 
done, as a rule, in the region of tire thigh 
Such procedure induced a very rapid rise in 
the number of circulating leukocytes Some- 
times as early' as a half hour after intro- 
duction of the active material, an apprecia- 
ble leukocytosis ensued The period of an 
experiment extended, as a rule, for about 
4 hours During this interval a leukocv tosis 
usually' developed The rise in the number 
of circulating leukocytes was found to be 
appreciable in 11 out of 12 experiments 
(Table IV) The average rise in 12 experi- 
ments was found to be 11 15S or a rise of 
72 4% t The course of one experiment is 

1 Tin f ict tli it tlie i\ er ige bnsil level in the 
series of guinea pigs listed in Title IV is some 
"hit higher tlnn m the other series of expen 
mints is lirgelv ixpluneci bv the fict tint 4 of 
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table III 

Vanation in Numbm of White Cells in Blood of Noimal Guinea Pig 


Lowest No of Highest No of Absolute inciease in 

leukocytes pei mm3 leukoev tes per mm3 white Wood cells 

GumeipigNo withmabout5hr within about 5 hr perninG 


11 

16,025 

17,050 

1,92a 

24 32 

8,525 

13,400 

4,875 

24-96 

6,805 

9,180 

2,375 

100 

5,050 

7,075 

2,925 

24 39 

7,850 

9,725 

1,875 

24 47 

7,375 

13,825 

6,450 

24-30 

6,300 

7,275 

975 

Avg 

8,276 

11,333 

3,057 


TABLE IV 



Effect of Leukocvtosis promoting Factor (LPF), 

Injected Subcutaneous!) 

, on Leukoevte 


Level in the Guinea Pig 




Highest lea el 




attained within 

Absolute in 

Guinea 

Basal WBC Ie\ el 

4 hr aftei mjec 

crease m WBC 

pig No 

Amt of LPF (pei mm3) 

(pei mm*) 

(pei mm3) 


2 22 

40 mg 

15,150 

23,500 

8,350 

2 23 

35 » 

18,150 

32,950 

14 800 

2 24 

39 ” 

19,900 

26,900 

7,000 

2-25 

40 ” 

9,650 

15,900 

6,250 

2 26 

5 ce 

12,100 

22,000 

9,900 

a 

10 ” 

12,350 

22,950 

10,600 

2 28 

10 ” 

11,950 

14,600 

2,650 

2 31 

10 ” 

12,100 

28,450 

16,350 

2 29 

10 » 

10,050 

23,950 

13,900 

b 

5 ” 

8,000 

18,700 

10,700 

17 58 

42 mg 

29,300 

53,200 

23,900 

2 32 

35 ” 

20,200 

35,700 

9,500 

Avg 


15,408 

26,566 

11,158 


TABLE V 

Effect of Injections m Peritoneal Cant) and 111 Subeutaiuous Tissue of the Gunn, a Pig of 
Various Materials Other than Exudate or LPP 

Highest level 
attained wathin 

Guinea Type and amt of B isal WBC leiel 4 hr after mjec 
pig No injected matcml (per mm3) (per mm3) 


Absolute in 
ci ease in WBC 
(permm 3 ! 


20 


A 

24 36 
B 
C 
D 


2 33 
2 34 
2 38 
2 35 
2 30 


Inti apen 
toneal mjec 
cc 

1 lnei ext l 
eoneenti m 
barbituiate 
buffer 

5 b a line 

2 human seium 
2 e mine serum 

i} u j t 

2 5 biotli 
Subcutaneous 
injection 
10 saline 
5 ” 

5 ” 

5 neciosm 
2 ” 

Avg 


10,925 


12,850 

5,775 

9,500 

11,100 

10,100 


10,550 
9,800 
15,700 
11.850 
10 950 
10,827 


33 025 


15,600 
8,750 
11,000 
12,700 
10 800 


13,000 
14,350 
20,700 
13,250 
11000 
3 3,323 


3,000 


2,750 
2,975 
2 100 
1,600 
700 


3,330 
4,550 
5,000 
1,400 
50 
2 40S 
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exudates, particularly if the material is in- 
jected into the subcutaneous tissue 
Finally, as pointed out frequently in the 
past, these studies may have clinical ap- 
plication, for it is well known that the 
prognosis of an infectious process is to a 
large extent referable to the number of cir- 
culating leukocytes For this reason studies 
have been initiated to determine the effective- 
ness of the leukocytosis-promoting factor on 
man These studies are now m progress 
and wall form the subject of a separate fu- 
ture communication in cxtcnso It can be 


pointed out, however, that 8 different patients 
with normal white cell counts have been in- 
jected intravenously with doses ranging from 
about 18 to 230 mg of active canine LPF 
Within a few hours the white blood cell 
count increased without any change m tem- 
perature, and within several hours the count 
nad risen 80 to 150%, showing that the ma- 
terial is both innocuous and potent on human 
beings These studies are being carried out 
b\ 2 of us (V M and E U ) in collabora- 
tion with Dr E G Goodman of the De- 
partment of Medicine 
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EFFECT OF THE LEUKOCYTOSIS - 
Promoting Factor (LPF) Injected Subcutaneously on the 



illustrated in Fig 2 It is thus quite dear 
that the results are more constant and de- 
pendable when, m the guinea pig, the sub- 
cutaneous route of infection of the leukocyto- 
sis-promotmg factor was employed 

Finally, as an additional control, various 
types of material unrelated to the leukocytosis- 
promoting factor of exudates have been in- 
jected into the peritoneal cavity and the 
subcutaneous tissue of guinea pigs Those 
have included diversified substances such as 
liver extract, saline, broth, human and canine 
blood serum, and necrosin recovered m turn 
from exudates The results of these experi- 
ments are assembled together m Table V 
(also Fig I) It is clear that, m con- 
trast to the effect of the exudate and the 
leukocytosis-promoting factor, these materials 
have failed to alter appreciably the number 
of circulating leukocytes The averag e maxi- 

ilreadj hid a leukocytosis prior to 
the injection of the material (Guinea pigs Nos 
17 58 and 2 32, Table TV) 


mum rise m the number of leukocytes is 
2,498, or 23% It is to be noted that these 
non-specific substances were all injected as 
solutions, precisely as in the case of the 
exudative material or the LPF This is im- 
portant, for when an insoluble particulate 
material is injected, for instance, in the 
peritoneal cavitv, a peritonitis is prone to 
develop early, and this may in turn confuse 
the final interpretation of results 

Conclusions An exudate obtained from a 
dog, which contains the leukocytosis-promot- 
ing factor, induces a leukocytosis when in- 
jected into the peritoneal cavity of a guinea 
pig Similar results are obtained with the 
recovered leukocytosis-promoting factor of 
exudates injected either intraperitoneally or 
subcutaneously The effect is quite specific 
It fails to occur when other types of soluble 
materials are utilized Consequently, the 
guinea pig presents itself as a suitable test 
ammal for detecting the presence of the 
leukocytosis-promoting factor in inflammatory 
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Sulfonamide Susceptibility of Stock Strains of Dysentery Bacilli and of 
Strains from Recent Epidemics 


Alan W Bernheimer (Introduced by Colin M MacLeod ) 

(With the assistance of Margaret T Spencer ) 

From the Department of Bacteriology , -Ye it Xorl Umicrs'ty College of Medicine, Xen Tori 


The extensive use of sulfonamides m the 
treatment of bacillary dysentery, suggests the 
need for a suitable method of estimating 
tit vitro the susceptibility of shigellae to the 
bacteriostatic action of these drugs Most 
of the reports on the action of sulfonamides 
on Shigella have been concerned with com- 
parisons of the bacteriostatic or bactericidal 
power of different sulfonamides when tested 
against a relatively small number of strains 
Comparisons of the sensitivity of strains of 
dysentery bacilli used by different investi- 
gators are difficult to draw because there has 
been an almost complete lack of uniformity 
m the technical procedures employed It 


has been pointed out by MacLeod and 
Mirick 1 that a desirable test of sulfonamide 
susceptibility is one “which is relative]}' sim- 
ple to perform, clear and easy to read and 
[one] with which readily reproducible re- 
sults can be obtained ” The type of culture 
medium, the number of bacteria m the inoc- 
ulum, and the time of incubation have been 
shown by Cooper and Keller 2 to afiect the 
results of tests of sulfonamide susceptibility 


1 AIicLeod, C At , md AIiricL, G S . 7 Bad , 
1942 44, 277 

- Cooper, AI L , and Keller, Helen At , Proc 
9 °c Exp Biol and Med, 1942, AO, 14S 
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TABLE I 

Results of Sulfadiazine Titntious 

Lowest concentration, 
of sodium sulfadiazine 
winch completely 
Xo of inhibited growth 

Sines Tipe of Shigella strains X lb, 000 


Sh 

paraclystntcriac 

rie’aicr V (I) 

i i 

9 9 

3 9 

11 11 

i 

3 9 

9 1 

11 11 

j j 

9 

1 9 

VT(II) 

? 

J 9 

9 9 

11 11 

j 

9 9 

9 9 

11 11 

j j 

9 9 

1 1 

1 11 

9 J 

9 9 

1 3 

Z (III) 

3 1 

9 

91 

3 1 11 

1 

9 9 

9 9 

X 

9 

9 

9 3 

Y 

J 

1 1 

Bovd 

103 

J 9 

9 

ii 

1 3 

9 9 

9 9 

1 1 

1 9 

9 

9 9 

1 9 

1 1 

1 9 

9 9 

9 1 

P119 

9 9 

i 9 

1 

11 

9 

9 9 

1 1 

1 

t 

11 

9 1 

ss 

9 9 

9 9 

1 1 

9 9 

9 > 

9 9 

9 9 

1 1 

9 9 

9 1 

9 9 

170 

9 9 

99 

9 9 

P2SS 

9 

9 

1 1 

D1 

9 9 

9 9 

1 9 

1 1 

9 3 

9 

1 9 

P143 

9 9 

9 9 

9 1 

1 1 

9 9 

9 9 

9 9 

1 1 

9 

9 9 

9 9 

P274 

9 1 

9 9 


D19 

9 9 

9 

9 9 

1 1 

9 9 

so jin ci 



19 

ii 



9 9 

1 1 



1 1 

tfi f sentence (Slngn) 


9 9 

9 9 



J 1 

1 1 



9 9 

ambigua 



9 9 

9 9 



9 1 

sp Sttcfis Q7T1 




” ” ” Q902 

) j j j i i 

l i i l 11 i i 

” ” ” Q1030 

119 1 J J J 1 

J J It J J 3 J 

’ ” ” Q11G7 

3 3 11 13 11 

” ” ” Q454 

” all ateseens 
a a 

jj if 

” ceylonensis 

Ji JJ 

11 J J 

” viadampcnsts 

B ” paradysenieriae, Flexner V (I) 

” a 13 11 11 

” ” Boyd 103 

” sonnci 
” amitgua 

11 13 



M/S 

M/16 

M/32* 

M/4 

M/S 

M/16 

M/32* 

M/2 

M/4 

M/S 

M/32* 

M/4 

M/S 

M/16 

M/32* 

M/S 

M/1G 

M/32* 

M/S 

M/16 

M/32* 

M/16 

M/S 

M/S 

M/16 

M/2 

M/4 

M/S 

M/S 

M/S 

M/32* 

M/2 

M/4 

M/S 

M/4 

M/8 

M/16 

M/S 

M/16 

M/S 

M/8 

M/16 

M/32* 

M/S 

M/16 

M/32* 

M/4 

M/S 

M/4 

M/4 

M/S 

M/16 

M/8 

M/16 

M/32* 

M/8 

M/8 

M/16 

M/8 

M/4 

M/4 

M/8 
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of dysentery bacilli In the present study 
an inhibitor-free medium which permits rapid 
and heavy growth of most of the strains of 
dysentery bacilli thus far tested has been 
devised The medium and its use in the 
detection of sulfonamide resistant strains are 
described 

Cooper and Keller, 3 after reviewing the 
earlier literature on the subject, presented 
the results of a study of the susceptibility 
in vitio of Sh paradyscntcnac (Fle\ner) 
and Sh sonnet to sodium sulfathiazole and 
sulfaguamdme In another communication, 4 
these authors reported the development m 
vitio of sulfonamide resistant strains of the 
above types Hardy 3 reported that cultures 
of dysentery organisms isolated from human 
infections which had been treated with 
sulfonamide for 7 or more days were com- 
monly found to be highly resistant to sul- 
fonamide He observed that difficulty in 
treating successfully Sit sonnet infections ap- 
peared to be related to the readiness with 
which this organism develops resistance 
Culture Medium The mdispensability of 
nicotinic acid, or related compounds, for the 
growth of dysentery bacilli has been dem- 
onstrated by Koser, Dorfman, and Saunders 0 
and others, and the requirement for 
pantothenic acid by certain strains of Sit 
pat adyscntei tae (Flexner) has been pointed 
out by Weil and Black 7 The medium used 
in the present study consisted of an acid 
hydrolysate of casein supplemented with 
tryptophane, nicotinic acid, pantothenic acid, 
thiamin, glucose and inorganic salts Thiamin 
was included in the medium because a single 
strain of Sh dysentenae was encountered 
which failed to grow m medium to which 
this vitamin was not added The growth 
of a number of other strains of Shigella was 

.. Coopei, 31 L , and Kellei, Helen 31, 3 
Pcdiatrus, 1943, 22 418 

■i Cooper, 31 L , and Keller, Helm 3t , Proc 
S oc Exp Bior \M) 3tED , 1943, 12 92 
sHmh, A V, T S Pul> Health Pep, 1945, 
00, 1037 

Koser, S A , Dorfmin, A , md Saunders, F , 
Prop Roc Exp Biol. v\d 3Ied, 1940, 43, 391 
r Weil A J , and B! icK, J , Pkoc Soc Exp 
Biol and 3Ied, 1944, o5, 24 


found to be unaffected by the presence or 
absence of added thiamin 
The medium was prepared in lots of 4 
liters by dissolving in several hundred cc 
of distilled w’ater, 40 g acid hydrolyzed 
casern (Casammo Acids Difco), 12 g anhy- 
drous KH 2 P0 4> 72 g Na = HP 0 4 12IC0, 
and 8 cc salt mixture The pH w’as ad- 
justed to 7 S with 20% NaOH After bring- 
ing the volume to one liter, the solution 
w’as boiled for 10 minutes and filtered through 
paper (Sufficient salt mixture for 50 liters 
of medium contains 22 5 g MgSCh 7H 2 0, 
50 mg CuSCtf 5H 2 0, 50 mg ZnSCX, 7 IPO, 
50 mg FeCl 3 • 6H s O, 20 mg MnCk 4H 2 0, 
1 cc cone HC1, and distilled H 2 0 to bring 
the volume to 100 cc) 

To the filtrate was added 1 60 mg 
tryptophane, 4 mg nicotinic acid, 4 mg cal- 
cium pantothenate and 4 mg thiamin The 
volume was brought to 4 liters, the medium 
distributed in flasks in 500 cc amounts, and 
then autoclaved After autoclaving, 5 cc 
sterile 20% glucose w r as aseptically added to 
each flask If a precipitate formed as a 
result of autoclaving, the medium was allowed 
to stand, and the clear supernatant fluid was 
aseptically transferred to another flask 
Visual examination of the degree of 
turbidity w’hich developed in inoculated tubes 
showed that the medium supported rapid and 
heavy grow’th of the vast majority of strains 
tested No diminution in the growth at- 
tained in cultures was observed upon serial 
subcultivation m the medium Enumeration, 
by means of pour plates, of the bacterial 
populations of 16- to 24-hour cultures of 
Sh ambtgua , Sh sonnet, Sh paradysenteriae 
(Boyd 103), and Sit paradyseutei tae (Flex- 
ner V) indicated that the cultures contained 
240, 4 00, 480 and 560 million viable or- 
ganisms per cc respectively 

Technic of Titrations Stock solutions of 
sodium sulfadiazine were prepared bv dis- 
solving 1 g of drug in 500 cc medium, and 
sterilizing the resulting solution by Seitz 
filtration A series of 2-fold dilutions rang- 
ing from M/125 to M/1000 and from M/1250 
to M/320,000 was prepared directly in the 
medium using aseptic technic Five cc 
amounts of the dilutions were distributed 
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bLLFON AMIDE SUSCEPTIBIEIT\ OF D\SENTER\ BACILLI 


TABLE I 

Bcsults of Sulfadiozme Titration? 




Lowest concentration 
of sodium suttadinzme 
which complete!} 

Xo of inhibited growth 

Sent? 

Tvpo ot Shigella 

strains X lb 000 


Sh pnrnthitcnlcriac, Flexner V (I) 

s 

m/s 

1 3 3t 

t j 

It 13 

3 

M/16 

it a 

3 3 

13 33 

6 

M/32* 

a 33 

3 3 

^ (II) 

1 

M/4 

yt t 

33 

yy tt 

o 

M/S 

yy yy 

y y 

3 3 3 3 

3 

M/1G 

yy y 

y y 

3 3 

G 

M/32* 

y y 

y t 

z (ni) 

1 

M/2 

y t y 

3 3 

3 3 3 3 

4 

M/4 

y y y 

3 3 

X 

1 

M/S 

y y 

3 3 

Y 

1 

M/32* 

yy yy 

Bovd 

103 

1 

M/4 


3 3 

33 

S 

M/S 

yy yy 

3 3 

3 3 

3 

M/16 

yy yy 

3 3 

3 3 

1 

M/32* 

t it 

y y 

P119 

1 

M/S 

yy yy 

3 

3 3 

a 

M/16 

y y 

y 

33 

3 

M/32* 

yy ty 

3 J 

ss 

7 

M/S 

t y 

y t 

J > 

4 

M/16 

y > yy 

y y 

> 3 

1 

M/32* 

y y y 

y 

170 

1 

M/16 

» y 

y y 

P2SS 

o 

M/S 

y y 

y y 

PI 

I 

M/S 

yy yy 

y y 

y y 

1 

M/16 

y y y 

y y 

P143 

1 

M/2 

y y y 

y t 

tt 

3 

M/4 

yy yy 

yy 

33 

1 

M/S 

yy yy 

y y 

P274 

3 

M/S 

y y y 

y 

D19 

o 

M/S 

y y 

y y 

yy 

1 

M/32* 

jy sonnet 



3 

M/2 

yy yy 



4 

M/4 

y y yy 



7 

M/S 

1 ’ difscntcriac (Siugi) 


3 

M/4 

u y y 



4 

M/S 

yy yy 



1 

M/16 

” ambigua 



7 

M/S 

yy yy 



o 

M/16 

3 9 sp Sachs Q< <1 


4 

M/S 

yy yy yy 

Q902 


o 

M/S 

yy yy y y 

y y 


1 

M/16 

y y yy yy 

y t 


2 

M/32* 

yy y y yy 

Q1030 


4 

M/8 

yy yy yy 

y y 


1 

M/16 

yy yy y y 

y y 


3 

M/32* 

yy yy yy 

Q1167 


3 

M/4 

yy yy ?> 

j t 


1 

M/S 

it yy yi 

Q454 


1 

M/4 

” aUalescens 


3 

M/4 

tt yy 



3 

M/8 

yy yy 



3 

M/16 

77 eei/Zonensis 


9 

M/S 

” 7 7 



2 

M/16 

yy yy 



1 

M/32* 

maaampensts 


1 

M/S 

paradyscnteriae, Flexner Y (I) 

55 tt yy yy 33 

13 

3 

M/8 

M/16 

yy 

Bovd 103 

1 

M/S 

5 7 sonnet 

yy yy 



7 

, 1 

M/4 

M/4 




6 

M/8 
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Sulfonamide Susceptibility of Dysentery Bacilli 


TABLE I (Continued) 


Lowest concentration 
of sodium sulfadiazine 
which completely 


Series 


Type of Shigella 

No of 
strains 

inhibited grow tit 
X 10,000 

C 

S h vmadysenieuae, Ekxnei Z (III) 

G 

t 


11 

1 1 

1 

M/8 


11 

11 

2 

M/1G 


” sonnet 

5 

t 


1 1 

1 1 

o 

M/2 


>7 

11 

o 

M/4 

D 

” paradysentet tae, Fiexner (VIII) 

3 

i 

E 

1 1 

” ” W (II) 

3 

t 

F 

17 

” ” vz (i-ni) 

4 

M/2 

16 

11 

” ” \\ (II) 

1 

M/2 



Total 

219 



* Lowest concentration tested 

t Highest ” ” vis M/125, incomplete inhibition of giowth 


among standard 15 mm X 150 mm culture 
tubes 

In. testing the bacteriostatic effect of sul- 
fonamides various authors have shown that 
the endpoint of the titration is affected by 
the number of organisms contained in the 
inoculum In the present study, preliminary 
experiments showed that a 10-fold decrease 
m the number of organisms m the inoculum 
frequently changed the endpoint of the titra- 
tion by one tube in the direction of higher 
dilutions of sulfonamide This finding served 
to emphasize the necessity of controlling the 
size of the inoculum The inoculum em- 
ployed was prepared by mixing one standard 
loopful of an overnight culture, using the 
medium described, with 20 cc sterile medium 
One-tenth cc of the resulting dilution was 
inoculated into each 5 cc of test medium 
The standard loop was made of 24 gauge 
platinum wire bent in the form of a circle 
having an inside diameter of 2 mm The 
inoculum used represented approximately 
1/200,000 cc of culture, and contained of 
the order of 2500 viable organisms 
The tubes were examined for growth after 
incubating for 16 to 20 hours at 37°C The 
highest dilution of sodium sulfadiazine which 
completely inhibited growth was chosen as 
the endpoint of the titration 

Straws of Dysentery Bacilli Information 
concerning the original sources of the strains 
IS presented m connection with the results 
Grateful acknowledgment is made to Captain 


C V Seastone of the Army Medical Center 
for supplying us with the cultures of Series A, 
to Doctor A V Hardy of the United States 
Public Health Service for the cultures of 
Series B and C, and to Commander L A 
Barnes, H (S), USNR, of the National Naval 
Medical Center for cultures of Series D, E, 
and F Doctor Hardy and Doctor Barnes 
kindly supplied epidemiological information 
concerning strains 

Results and Discussion 230 strains of 
Shigella were tested for their susceptibility to 
the bacteriostatic action of sodium sulfadia- 
zine The results of the tests are presented 
in Table I It is evident that the strains 
fall into one of 2 categories in regard to 
their sensitivity to the sulfonamide (1) 
Strains whose growth was inhibited by a 
drug concentration of M/20,000 or less, 
(2) strains which grew m the presence of 
a drug concentration as great as M/125 
Of 219 strains, 202 belong to the first category 
and may be designated as susceptible strains, 
17 belong to the second category and may be 
designated as resistant strains Eleven strains 
failed to show optimal growth m control tubes 
containing no sodium sulfadiazine, and for 
this reason tests of the susceptibility of 
these strains have been omitted from the 
tabulation 

Series A consisted of 159 strains from the 
culture collection of the Army Medical Schoo 
This series contained one or more representa- 
tive strains of each of the well established 
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species of Shigella It is notable that -without 
exception the strains of this series were of 
the susceptible variety since growth was in- 
hibited by a concentration of sodium sulfadia- 
zine of M/20,000 or less Although growth 
of some of the strains was prevented by a 
concentration as low as M/320,000 while 
other strains required as much as M/20 000 
for inhibition of growth, there appeared to 
be little or no correlation between sulfonamide 
sensitiuty and species or type of Shigella 
Series B consisted of 31 strains isolated 
from inmates of an institution in Illinois 
With the exception of 2 cases, there was no 
clinical evidence to suggest the existence of 
sulfonamide resistance The 2 exceptions 
were children who were reported to be in- 
termittently positive for Sh sonnet and Sh 
ambtgua respectively, for a period of several 
months Table I shows that all of the strains 
of this series were susceptible to sodium 
sulfadiazine 

Series C consisted of 9 strains of Sh para- 
dysentcriae Flexner Z and 9 strains of Sh 
sonnet all of which were isolated from pa- 
tients in various institutions in New York 
Information which has been supplied to us 
indicates that the patients failed to respond 
to sulfonamide therapy Table I shows that 
6 of the Sh paradyscntcnac Flexner Z strains 
and 5 of the Sh sonnet strains were sulfona- 
mide-resistant 

Series D consisted of 3 strains designated 
as predominantly Flexner VIII These strains 
were isolated from patients who failed to 
respond to sulfadiazine therapy One of the 
strains appeared m epidemic form among the 
personnel of a naval vessel subsequent to sail- 
ing from Okinawa The epidemic is reported 
to have flared up at a later date at Sagami 
Bay Ml known methods of curbing ear- 
ners were said to have been applied without 
success The other 2 strains of this series 
were 2 isolations from an individual who 
became a carrier following an epidemic on 
board a naval vessel in the vicinity of 
Kulambangara, Solomon Islands The 2 
strains were isolated nearly a year after the 
appearance of the epidemic, and the opinion 

s Barnes, L A , personal communication. 


has been expressed 8 that they do not repre- 
sent the etiologic agent m the epidemic since 
4 other strains from persons on the same 
vessel were Sh paradyscntcnac Flexner W 
Table I shows that all 3 strains were 
sulfonamide-resistant 8 

Series E consisted of 3 strains of Sh 
paradyscntcnac Flexner W isolated during an 
outbreak of dysentery which occurred on a 
naval vessel in the Pacific The epidemic 
involved more than 300 men, and there were 
2 fatalities Table I shows that these strains 
were sulfonamide-resistant 

Series F consisted of 5 strains, 4 of which 
were isolated during an outbreak on a vessel 
which had been anchored at a harbor in the 
Marshall Islands The fifth strain {Sit 
paradyscntcnac Flexner W) was isolated dur- 
ing the course of an outbreak on a vessel 
which had sailed from Iwo Jima Table I 
shows that all 5 of these strains were 
sulfonamide-susceptible Information is lack- 
ing concerning the response of the patients 
to sulfonamide therapy^ 

Although the present study affords little 
indication of the precise frequency with which 
sulfonamide-resistant infections may be ex- 
pected to be encountered, it nevertheless 
serves to demonstrate by cultural means the 
existence of such infections The occurrence 
of cases of dysentery failing to respond to 
sulfonamide and yielding organisms which ex- 
hibit m vitro a high degree of drug-resistance 
suggests the desirability of performing 
sulfonamide-susceptibility tests on a greater 
scale than has been done hitherto It would 
appear that m the future sulfonamide-re- 
sistant organisms may constitute a serious 
threat to the successful treatment of 
dy sentery 

Summary A method of testing the sensi- 
tivity of dysentery bacilli to the bacteriostatic 
action of sodium sulfadiazine is described 
The method involves the use of a medium 
which is essentially free of sulfonamide in- 
hibitors Of 219 strains tested, 202 were 
found to be susceptible to the drug while 
17 strains were found to be resistant Among 
the susceptible strains were representatives of 
each of the well established varieties of 



330 


Hypertensinase and Proteinase Activity of Blood Plasma 


Shigella The resistant strains included rep- 
resentatives of Sh paradysentertae (Flexner 
types W, Z and VZ) and Sh sonnet Many 
of the resistant strains were isolated from 


patients who failed to respond to treatment 
with sulfonamides The results serve to em- 
phasize a potential difficulty m the chemo- 
therapy of dysentery 


15312 

Comparative Study of Hypertensinase and Proteinase Activity of 

Blood Plasma 

R Croxatto and H Croxatto 

Twill the Lahoratoi y of Physiology, Catholic University, Santiago, Chile 


Hypertension is inactivated by proteolytic 
ferments (Munoz and co-workers) 1 This has 
been demonstrated by the action of crystal- 
line enzymes Inactivation of hypertensin 
with pepsin w r as accomplished by Alonso, 
Cro\atto and Croxatto, 2 with trypsin and 
chymotrypsin by Croxatto, Croxatto, Illanes 
and Salvestrini, 3 and with carboxypeptidase 
by Plentl and Page 4 Purified aminopeptidase, 
obtained from yeast, inactivates hvpertensin 
rapidly Hypertensinase extracts of kidney 
and other organs, when examined for their 
proteinase activity, exhibit characteristics 
typical of aminopeptidase at a pH near the 
neutral point (Croxatto and Croxatto) 0 
Aminopeptidase, obtained from yeast, and 
hypertensinase extracts of fresh tissues, red 
blood cells, blood plasma, etc , show a similar 
behavior toward oxytocin and vasopressin 
Both pituitary hormones are inactivated by 
the various preparations in the presence of 
an excess of SH groups added m the form 
of cysteine or glutathione The rapidity of 
their action is due to the hypertensinase ac- 

1 Munoz, J M, Bnun Menendez, E, Fasuolo, 
J C, and LeLoir, L F, Amcr J Med Sci , 1940, 
300, 008 

2 Alonso, O , Croxatto, B , and Croxatto, H , 
Pkoc Soc Exp Biol, and Med , 1943, 52 , 61 

3 Croxatto, H , Croxatto, E , Illanes, G , and 
SaB estrim, H, Pol Soc Biol, Santiago, Chile, 
1942, 1, 4 

•J Plentl, A, and Page, I, J Bxp > 1944 > 
70, 205 

3 Cioxatto, K, and Croxatto, H, Science, 1942, 
00, 519 


tivity peculiar to them (Croxatto and 
Ebensperger) 6 

It is w'ell known that plasma possesses 
hypertensinase activity w'hich, though slight, 
is easy to demonstrate There are certain 
indications for the assumption that plasma 
hypertensinase is of major importance Even 
when hypertensin is present m the plasma 
it cannot enter into the red blood cells Re- 
cent experiments have shown that complete 
ligation of the arteries of certain paren- 
chymatous organs such as kidneys and 
liver, has little effect on the pressor response 
produced by continuous or interrupted injec- 
tions of hypertensin or renin (Croxatto and 
Neira) 7 From these considerations, it seemed 
of interest to investigate the proteolytic 
properties of plasma as well as its hvper- 
tensinase actixuty under physiologically nor- 
mal conditions of pH and temperature 

According to Bergmann and his co-workers 8 
studies of proteinase specificity can be ac- 
complished quantitatively bv using as sub- 
strates only a few synthetic polypeptides of 
known structure, which are hydrolyzed to 
peptides Accordingly, we have used the fol- 
lowing polypeptides 1-leucyl-glycme, dl- 
leucyJdiglycme, dl-methylleucyldiglycme, car- 
bobenzoxy-glycyl-phenylahne, alpha-benzoyl- 

c Croxatto, H, and Ebensperger, A, Pol Soc 
Biol , Santiago, Chile, 1944, 3, £05 

1 Croxatto, H, and Neira, E, Bol Soc Biol, 
Santiago, Chile, 1944, m press 

s Fruton, T S, In mg, G \Y, and Bergmann, 
M, J Biol Chem, 1941, IS S, 249 
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TABLE I 

Proteolytic Action of Plasma from Vinous Species 


Plasma 

Amount used 
cc 

Time of 
incubation 
lir 

Substrate 
(0 05 At) 

Hydro 
la sis 

'ft 

pH 

Human (A) 

2 

24 

1 leuevlglvcine 

30 

76 

(B) 

o 

24 

7 i 

25 


(C) 

o 

OO 

7 > 

23 


(D) 

o 

23 

7 1 

24 

7 S 

(E) 


24 


30 


(F) 

o 

24 


47 

7 6 

Bovine (1126) 

02 

24 

7 7 

4 

7 5 

(1126) 

o 

oo 

i 1 

63 

7 S 

(1159 A) 

o 

24 

7 7 

2S 

76 

(1159B) 

o 

25 


20 

7 S 

(1154) 

n 

24 


34 

76 

(1141) 

o 

24 


3 


Equine (1160A) 

a 

24 


46 


Feline (1S69) 

o 

24 


Si 


(1S69B) 

o 

24 

7 1 

95 


(1931) 

o 

24 

f T 

5S 


(1931) 

o 

24 

7 7 

50 


(1931B) 

o 

24 

earbobeuzoyy givey) 1 

54 


Human (A) 

o 

27 

phenylalanine 

— 

7 7 

(B) 

o 

27 

f 7 

— 

Tt 

Bonne (1126) 

o 

23 


40 

78 

(1154) 

o 

24 

J 7 

— 

76 

Feline (1S69) 

o 

24 

7 7 

• 


(1931) 

o 

24 

7 7 

3 



Benzovl I irgimnemiide nul carbobenzoxv I glutamyl 1 tirosine were not lndrolized by 
1mm in, bonne and feline plasmas 


1-argimneamide and carbobenzoxy-glutamyl- 
1-tyrosme, these bemg substrates for de- 
termining the presence of aminopeptidase, 
carboxy peptidase, trypsmase and pepsinase 
An analysis of chymotrypsinase activity had 
to be omitted for lack of an adequate sub- 
strate 

Methods Arterial blood of cats, cows, and 
horses, and human venous blood were used 
The blood was collected directly in a cen- 
trifuge tube contaming 3 sodium citrate 
solution in the proportion of 1 to 10 Pre- 
cautions were taken to avoid hemolysis The 
centrifuged plasma was mixed in amounts 
varying between 0 2 and 2 cc with the vari- 
ous peptides, the hydrolysis of which was 
measured by the method of Grassman and 
Heyde, 0 the titration bemg done 20 to 40 
hours after addition of reagents To prevent 
troublesome precipitation of albumin from the 
2 cc of plasma, the albumin was removed 
by centrifugation after adding the optimum 

i Grassnntm, W , and von Heyde, W Z , 
Phvtiol Client 1929, 183, 32 


amount of alcohol required for the titration 
The clear liquid was then titrated exactly 
according to the methods described In all 
cases the concentration of substrate was 
0 05 M dissolved m a M/15 to M/30 buffered 
phosphate solution at a pH ranging from 7 3 
to 7 8 The free carboxyl groups were de- 
termined by adding 0 01 X alcoholic KOH 
solution The values obtained m the blank 
were subtracted The percentage of hydrolysis 
was calculated by parallel measurements on 
mixtures of peptides and amino acids in equi- 
molecular proportions and by using crystal- 
lized trypsin and carboxypeptidase w ith their 
corresponding substrates In all experiments 
sterile material was employed and strictest 
precautions of asepsis were observed Fre- 
quently the plasma was sterilized by pas- 
sage through a Seitz filter 

Results As will be seen in Table I, the 
estimation of hydrolysis was difficult with 
the use of minute amounts of plasma, but 
with a ratio of 2 cc of plasma to I 36 cc of 
substrate, an appreciable hydrolysis of 
l-leucylglycine was obtained within "the in- 
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TABLE II 

Proteolytic Activity of Various Fractions of Plasma Obtained by Precipitation with 
Ammonium Sulphate 


Plasma 

(fraction) 

Amt used 
cc 

Time of 
incubation 
lir 

Substnte 
(0 05 M) 

Hydro 

lysis 

% 

pH 

1083 AG 

02 

22 

1 leuci lglycme 

28 

73 

1 J 3 9 

04 

20 

33 

63 

76 

” A A 

04 

26 

11 

20 

74 

1154 

2 0 

24 

13 

30 

70 

” A 

20 

24 

1 1 

38 

17 

” B 

20 

24 

11 

49 

13 

1083 AG 

02 

22 

dl leucy 1 digly cine 

24 

74 

3 7 93 

02 

44 

93 

56 


91 13 

02 

48 

dl met by 1 leucy 1 digly cine 

— 

11 

3 5 99 

04 

24 

c‘irbobenzo\} gl) c) 1 pheii} 1'ilamne 25 
carbobenzo\} glj c) 1 1 


” AA 

04 

48 

phenylalanine 

3 


11 11 

04 

24 

benzoyl 1 argrmneamide 

6 



These results eoirespond with the letters H, I, and J on Pig 1 3 mg of cysteine ueie 

added Compare with Fig 2 Fraction 1083AG was obtained by adding a saturated solution 
of ammonium sulphate drop by diop to half saturation Fiaction 1083AA lepresented an 
albumin fraction obtained by full saturation with ammonium sulphate aftei removing the 
previous traction The ammonium sulphate ins removed by drib sis 


cheated time periods Benzoyl-arginmearmde 
and carbobenzoxy-glutamyltyrosine were not 
hydrolyzed by plasma Carbobenzoxy-glycyl- 
1 -phenylalanine was partially hydrolyzed by 
bovine plasma m one case 
Plasmas kept near OX for a period of sev- 

Fig l 

Hypeitensmase and Ammopeptidase Activity of 
Various Plasmas 

' I 

i#oJ 


: 



Black columns Hypertensinase activity ex 
pressed m percentage destiuction of the hyper 
tensm, white columns ammopeptidase actn lty , 
A. human plasma F , B, feline pi ism-i X809B 
(passed through a Seitz filter) , G, equine plasma 
1100 A D, feline plasma 1931, E, bovine plasma 
1159A F, bonne plasma 1159B , G, bovine 
plasma' 1151, H, bonne plasm i 1154, X, bonne 
plasma 1154 (fraction A), J, bovine plasma 
1154 (fraction B) Fractions A and B were 
obtained by precipitation with half and complete 
saturations of ammonium sulphate respectively 
and subsequent dialysis Each column lepresenb 
the aierage of 3 separate deteumnations 


eral weeks retamed their ability to split off 
leucylglycme 

The hypertensinase activity of the plasmas 
bore a close relation to their hydrolyzing ef- 
fect on 1-leucylglycme In Fig 1 the c /o 
destruction of 2 units of hypertensm by 1 cc 
of plasma after 2 hours of incubation at 37°, 
at a pH of 7 4 is shown The action of 
ammopeptidase activity was measured m 2 cc 
of plasma for 1 36 cc of 0 OS M 1-leucvlgl) - 
cine at a pH of 7 3 and 7 8 after 24 hours 
of incubation at 37° 

The treatment of plasma with various con- 
centrations of ammonium sulphate and its 
subsequent dialysis yields fractions with vary- 
ing degrees of hydrolytic activity for 
l-leucylglycine (Table II) The hyper- 
tensmase activity of these various fractions 
closely parallels the hydrolyzing effect of the 
plasma on l-leucylglycine (Fig 2) Heating 
the plasma to 58° and acidifying it to pH 3 2 
decreases equally its power to inactivate by- 
pertensin and its ammopeptidase action 
(Fig 3) 

Discussion Plentl and Page, 10 by studying 
the kinetics of the destruction of hypertensm 
by hypertensinase, found that it fulfilled the 
characteristics of a first-order reaction Studie s 

10 Plentl, A , md Page 1 , 3 £*P TUcd , 1943, 
78, 367 
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Fig 2 Fig 3 

Aimnopeptidase and Hvpertcnsmase Activity of Ilipertcnsmase and Ammopeptidase Aetvitv of 
Frictions 10S3 YG ind 10S3AA Blood Pressure Hnimn md Feline Plasmas, Before md After Heit 
of i Cit Anesthetized with Dill rad Acidificihon 



The following mixtures were injected intra- 
venously after 5 hours of incubation at 37° at 
pH 7 4 At A, 2 units of livpertensm, it B, 
2 units of livpertensm plus 0 05 cc of fraction 
10S3AG it C, 2 units of hvpertensm plus 0 2 cc of 
fraction 10S3AG, at D 2 units of livpertensm 
plus 0 05 cc of friction 10S3AA it E, 2 units 
of livpertensm plus 0 2 cc of friction 10S3AA, 
at F, 2 units of livpertensm 

Figure on the right Black columns Percentage 
destruction of hypertensin by fractions 1083AG 
and 10S3A \ respectively after 3 hours of m- 
cubition White columns Percentage break down 
of 1 leucvlglvcine after 24 hours of incubation 
(1 36 cc solution 0 05 mil, pH 7 S) m the 
presence of 01 cc of frictions 10S3AG and 
10S3AA respectively 

on the hydrolysis of 1-leucylglycme and on 
the inactivation of hypertensin b\ amino- 
peptidase suggests a similar type of reaction 
for both (Valenzuela) 11 The magnitudes of 
both reactions show a close parallelism These 
observations and the data obtained on the 
behavior of ammopeptidase and hypertensm- 
ase extracts toward oxytocin and vasopressin 
strongly support the hypothesis that the 
hypertensinase activity of plasma is identical 
with that of ammopeptidase A systematic 
investigation is being made of tissue extracts 
and slices 

Summary This study supports the 
hypothesis that the hypertensinase activity' 

11 Valenzuela, B Tests, TJmversidad, Chile, 1942 


100J 


*OJ 



Black columns Hypertensinase activity White 
columns Ammopeptidase activity 

A, percentage destruction of 2 units of hyper- 
tensm by 1 cc of feline plasma after 2 hrs 
incubation B, same as A, except for previous 
heating of plasma at 58°, 90 mm, A', percentage 
break down of 1 leucylglycme (1 36 cc 0 05 mil) 
bv 2 cc of felme plasma after 24 lirs incubation, 
B', same as A', except plasma subjected to same 
procedure as m B, C, percentage destruction of 
2 units hypertensin by 1 cc human plasma after 
2 hrs incubation, D, same as C, except for 
previous heating of plasma to 5S°, 60 mm, E, same 
is C, except acidifying the plasma to a pH of 3 2 
for 60 min and subsequent neutralization, O', per- 
centage break down of 1 leucylglvcme (1 36 cc 
0 05 mil) by 2 cc of human plasma after 24 lirs 
incubation, D’, same as C, except subjecting 
plasma to procedure as m D, E same as C - , 
except subjecting tlie plasma to the same pro- 
cedure as m E 

of plasma at a pH of 7 3 to 7 8 and at a 
temperature of 37° is closely related to its 
exopeptidase activity, its nature being that 
of ammopeptidase 

Acknowledgment is made to Prof it Bergmann 
for his generous advice Some of the peptides 
used in these studies are being sent to Drs T S 
Fruton and A PlentL 
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Hypertensinase and Proteinase Activity of Blood Plasma 


TABLE II 

Pioteolytic Activity of Various Fractions of Plasma Obtained by Precipitation with 
Ammonium Sulphate 


Plasma 

(fraction) 

Amt used 
cc 

Time of 
incubation 
hr 

Substiate 
(0 05 M) 

Hydro 

lysis 

% 

pH 

1083 AG 

02 

22 

1 leucy Igly cine 

2S 

73 

) 1 1 I 

04 

26 

1 1 

63 

76 

” A A 

04 

20 

> 1 

20 

74 

1154 

20 

24 

) 1 

36 

7b 

” A 

20 

24 

11 

38 

11 

” B 

20 

24 

11 

49 

11 

1083 AG 

02 

22 

dl leucy 1 diglyeme 

24 

74 

3 7 11 

02 

44 

11 

5G 


11 11 

02 

48 

dl methyl leucyl diglycine 

— 

1 1 

11 >1 

04 

24 

carbobenzoxy glyeyl phenylalanine 25 
carbobenzoxy glycyl 1 


” AA 

04 

4S 

phenv lalamne 

3 


11 11 

04 

24 

benzoy 1 1 argimneamide 

6 



These results correspond mtli the letters H, I, and 3 on Pig 1 3 mg of cystune v, ere 

added Compare with Pig 2 Fraction 10S3AG a as obtained by adding a satuiated solution 
of ammonium sulphite drop by drop to half saturation Fraction 1083AA lepiesented an 
albumin fraction obtained by full saturation with ammonium sulphate iftcr removing *he 
previous fraction The ammonium sulphate »is removed by dialysis 


dicated time periods Benzoyl-argimneamide 
and carbobenzo\y-glutamyltyrosme were not 
hydrolyzed by plasma Carbobenzoxy-glycyl- 
1-phenylalanme was partially hydrolyzed by 
bovme plasma m one case 
Plasmas kept near 0°C for a period of sev- 

Fig 1 

Hypertensimse and Ammopeptidase Activity of 
Various Plasmas 

*| 

t*«i 


3 



Black columns Hypertcnsmase activitv c\ 
pressed m percentage destiuction of the hyper 
tensm, white columns ammopeptidase activity, 
A, human plasma F, B, feline pi ism i 18G9B 
(passed through a Seitz filter) , C, equine plasma 
1160 A, D, felme plasma 1931, E, bovine plasma 
1159 A F, bovine plasma 1159B , G, bovme 
plasma 1151, H, bovme plasma 1154, I, bovine 
plasma 1154 (fraction A), J, bovine plasma 
1154 (fraction B) Fractions A and B were 
obtained by precipitation with half and complete 
saturations of ammonium sulphate respectively 
and subsequent dialysis Each column lepresents 
the avenge of 3 separate determinations 


eral weeks retained their ability to split off 
leucylglycine 

The hypertensinase activity of the plasmas 
bore a close relation to their hydrolyzing ef- 
fect on Weucylglycme In Fig 1 the % 
destruction of 2 units of hypertensin by 1 cc 
of plasma after 2 hours of incubation at 37°, 
at a pH of 7 4 is shown The action of 
ammopeptidase activity was measured m 2 cc 
of plasma for 1 36 cc of 0 05 M l-leucylgly- 
cme at a pH of 7 3 and 7 8 after 24 hours 
of incubation at 37° 

The treatment of plasma with various con- 
centrations of ammonium sulphate and its 
subsequent dialysis yields fractions with vary- 
ing degrees of hydrolytic activity for 
1-leucylglycine (Table II) The hyper- 
tensinase activity of these various fractions 
closely parallels the hydrolyzing effect of the 
plasma on Weucylglycme (Fig 2) Heating 
the plasma to 58° and acidifying it to pH 3 2 
decreases equally its power to inactivate hy- 
pertensin and its ammopeptidase action 
(Fig 3) 

Discussion PlentI and Page, 10 by studying 
the kinetics of the destruction of hypertensin 
by hypertensinase, found that it fulfilled the 
characteristics of a first-order reaction tu les 

10 PlentI, A, and Page, I, J Ffg 31 ed , 1 943, 
78, 367 
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TABLE I 
Sources of Cultures 


Source 

Rettgen 

Eberthellae 

Human diarrhea 

23 

3 

" carriers 

9 

3 

’ ’ urine 

1 

1 

Monhev 

3 

3 

Babbit 

■» 

1 

Guinea pig 

1 

0 

Hog 

1 

0 

E lihnmvn 

4 

3 

Total 

44 

13 


Vaccaro ct al 10 isolated 5 species of Ebert hclla, 
including bcljasticnsts, cutcrica, and oedema- 
ticus The last named species was also ob- 
served recently by Fuentes ct al 17 and by 
Xeter 1S 

Ebert hclla strains ha\e been isolated from 
sources other than the human intestine Thus 
Peterson 10 described 3 species found in well 
water Duthie and Mitchell- 0 found eberthel- 
lae m pseudotuberculosis of rodents Emmel 21 
described various eberthellae from parasite- 
infested fowl 

It is the purpose of the present paper to 
present a more complete description of 
Rettger's bacillus than has hitherto been 
published, and to discuss the relationship be- 
tween this species and the rarer strains hav- 
ing generic similarities to it 
Observations The material studied m this 
work was a collection of 57 strains of gram 
negative bacilli which were anaerogemc or 
microaerogemc, motile, and lactose negative 
The sources of the cultures are indicated m 
Table I The chief feature of this table is 
its evidence that these bacilli occur m ani- 
mals as well as m man The cultures from 
monkeys were described previously by Pres- 

10 Vaecaro, H , Ibarra Lormg, E Perez, M II, 
and Mancilla, Rev Med Chile, 1943, 71, 495 
W Fuentes, C , Angulo, J J , and Madiedo, O , 
Rci Med Trap Rarasit , 1943, 9, 22 
18 Xeter, E , Arch Path , 1939, 28 122 
10 Peterson, O H , Thesis, XJniv of Missouri, 
1942 

-° Dutlue, E C , and Mitchell, Clias A , J Am 
r ct Med Assn , 1931, 31, 27 
-l Emmel, M W , Florida Ag Exp Sta Bull , 
1936, 293 


ton and Clark— and kindly submitted by 
Preston The cultures ot unknown origin 
are stock cultures whose source could not 
be traced 

Xo less than 44 of these cultures were 
identified as Rettgers bacillus The char- 
acteristics of this species are fully set forth 
m Table II All 44 strains conform quite 
closely to the reactions set forth although 
occasionally strains may evhibit one or 2 
negative reactions in tests that are regularly 
positive Rustigian and Stuart 0 showed that 
some strains ferment salicm, others do not 
In the present series 23 were salicm positive 
and 21 negatne This was also true for 
rhamnose which was fermented by 29 strains, 
not fermented by 15 Occasionally- a strain 
was encountered which failed to conform to 
the description in one or 2 respects For 
evample, 3 strains were urea negatne, one 
citrate negatne, one glycerol negatne, and 
tests confirmed the absence of motility m 
a strain recened from Stuart although all 
our own isolations were motile 

Colonies of Rettgers bacillus are rather dis- 
tinctive on certain plating media The 
greenish-brown, mucoid colonies on bismuth 
sulfite agar are very- characteristic Less 
so but still unusual, are the colonies on 
S-S agar, where brown centers develop which 
are not at all similar to the intense blacken- 
ing of Salmonella and Proteus colomes Xo 
swarming of colonies has been observed on 
any plating medium, although Rustigian and 
Stuart s0 have reported its occurrence under 
special conditions 

The motility- of this species, originally- re- 
corded by- Hadley as negative, was demon- 
strated by- Rustigian and Stuart® The dif- 
ficulty- which they appear to have had m 
demonstrating motility- has never occurred m 
tests using freshly prepared Bacto Motility- 
Test Medium, incubated at 37°C Bergey 
describes Shigella rettgen as xylose positive, 
only one strain of the 44 fermented this 
pentose Single strains also fermented cel- 
lobiose or maltose or trehalose Sucrose is 
fermented after several days when its con- 

— Preston, VV S, and Clark, P F, J Inf Dis , 
193S, 63, 234 
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A Study of Rettger’s Bacillus and Related Bacteria 
MacDonald Fulton and S F Curtis 
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Feu reports of the occurrence of Rettger’s 
bacillus can be found in the literature prior 
to its isolation by Cope and Kilander 1 
Originally the organism was isolated by 
Rettger during his studies of diseases of fowl 
It nas described, named and classified by 
Hadley, Elkins and Caldwell, 2 by whom it 
was considered to be a member of the genus 
Shigella St John Brooks and Rhodes 3 
studied one strain obtained from Hadley’s 
collection, but aside from noting that it pro- 
duced indol, they made no mention of its 
characteristics The species is assigned to 
the genus Shigella in Bergey’s Manual, Vth 
Edition, where it was originally placed by 
Bergey and later by Weldin 4 Neter n in 
review'ing the genus Shigella called attention 
to the scanty and contradictory knowledge 
of this species Very shortly, Cope and 
Kilander in the aforementioned paper redis- 
covered the species in human gastroenteritis 
At about the same time, Stuart and co- 
workers 0 encountered strains called “type 
33111” in their study of the paracolon group 

Rustigian and Stuart 7 in the following year 
suggested the name “Proteus entencus” for 
these strains Subsequently these workers 8 
secured presumably authentic type strains and 

i Cope, E J , and Kilander, K , Am J Public 
Health, 1942, 32, 352 

- Hadley, P B , Elkins, At TV , and Caldwell, 
D W , li I Ayr Bxp Sta Bull, No 174, 1918, 
169 

3 St Jolin Brooks, B , and Rhodes, 51 , J Path 
and Bact , 1923, 20, 434 

4 Weldin, J C, Iowa State Coll J Sci , 1927, 
1, 181 

5 Neter, E , Bad 11 cv , 1942, 0, 1 

« Stuart, C A, Wheeler, K M, Rustigian, R, 
and Zimmerman, A , J Bact , 1943, 45, 101 

t Rustigian, R , and Stuait, C A ,J Bact , 1943, 
45,198 

8 Rustigian, R , and Stuart, C A , Proc Soc 
Exp Biol and Med , 1943, 53, 241 


demonstrated that the true species name for 
their “type 33111” and “ Proteus entenem” 
w r as “rettgen” They assigned the species to 
the genus Proteus Their conclusions, based 
on the study of 78 strains are embodied in 
a recent paper by Rustigian and Stuart 0 
Fulton and Curtis 10 previously reported 
studies of this species, and Felsenfeld and 
Young 11 have isolated strains m the Chicago 
area There do not appear to be other 
published reports of the occurrence of this 
organism, although its isolation m New Eng- 
land, Michigan, Illinois and Texas suggests 
that it is of widespread distribution 
Organisms resembling Rettger’s bacillus but 
not identical with it have been isolated from 
time to time by most students of enteric 
bacteriology Such cultures have the cardinal 
characteristics of the genus Ebeithella 
Fourteen species are recognized by Bergey, 
most of the descriptions being incomplete 
The communications of de Assis 12 and Her- 
ring 13 describe certain species of Ebcrthclla 
but there is little published information con- 
cerning the characteristics of this group A 
detailed search would undoubtedly bring to 
light many hidden references to isolations of 
Eberthella species, such as have been made 
by Costa Mandry 14 and Hill et al 18 In a 
study of 480 fecal specimens from adults, 

o Rustignn, R , and Stuirt, 0 A ,J Bact , 1945, 
4», 419 

10 Pulton, AI , and Curtis, S F, / Bact , 1944, 
48, 382 

u Felsenfeld, 0 , and Toung, V At , J Pcchat , 
1944, 25, 56 

12 de Assis, A, Bol lust Vital, Brazil, 1928, 
5, 3 

13 Herring, L C, Am J Med Tech, 1942, S, 
136 

14 Costa Mandrj, 0, Puerto Btco Bev Publ 
Health and Prop Med, 1928, 4, 212 

13 Hill J H , Seidman, L R , Stadniclienko, 
AMS, and Ellis, MG,/ Bact , 1929, 17, 205 
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T ABLE I 
■Sources ot Culture- 


Source 

R> ttgen 

Eberthellae 

Human diarrhea 


3 

earners 

0 

3 

’ unne 

1 

1 

Ma'A ev 

T 

n 

0 

Libia- 

1 

1 

Game 1 put 

1 

n 

Hog 

1 

0 

Eninown 

4 

3 

Tt.nl 

44 

13 


\ accaro ct al 10 isolated 5 species ot Ebert hclla, 
including bcliasticnsts, cittcnca, and oedenta- 
Itcns The last named species was also ob- 
served recenth by Fuentes ct al 17 and bv 
Xeter I<: 

Ebert hclla strains have been isolated irom 
sources other than the human intestine Thus 
Peterson 1 '' described 3 species lound m well 
water Duthie and Mitchell- 0 found eberthel- 
lae in pseudotuberculosis of rodents EmmeF 1 
described \anous eberthellae irom parasite- 
infested fowl 

It is the purpose of the present paper to 
present a more complete description of 
Rettger s bacillus than has hitherto been 
published and to discuss the relationship be- 
tween this species and the rarer strains hav- 
ing generic similarities to it 
Observations The material studied in this 
work was a collection of 57 strains of gram 
negatne bacilli which were anaerogemc or 
microaerogemc, motile, and lactose negatne 
The sources of the cultures are indicated m 
Table I The chief feature of this table is 
its evidence that these bacilli occur m ani- 
mals as well as in man The cultures from 
monkev s were described previously by Pres- 

15 Vaccaro H-, Ibarra Lormg, E , Perez, M. AL, 
and Maneilla, Fee Med Chile 1943 71, 495 
17 Fuenies, C-, Angulo J J and Madiedo O , 
Her Sled Trop Pa rant 1943, 9 22 
,s N’eter, E , Arch Path , 1939, 28 122 
13 Peterson, O H. Thesis fair of Missouri 
1942 

3 °I>ntbie, E C and Mitchell, Chas A. J Am 
Tel Med Assn , 1931, 31 27 
21 Emm el, AL TV., Florida Ag Exp Sta Bull , 
1936, 293 


ton and Clark 22 and kindly submitted by 
Preston The cultures of unknown origin 
are stock cultures whose source could not 
be traced 

Xo less than 44 of these cultures were 
identmed as Rettger s bacillus The char- 
acteristics 01 this species are tullv set forth 
in Table II All 24 strains comorm quite 
close!} to the reactions set forth althougn 
occasionalh strains mar exhibit one or 2 
negatne reactions in tests that are regularl} 
positive Rustigian and Stuart 0 showed mat 
some strains lerment sahein others do not 
In the present series 23 were salicm positive 
and 21 negative Tms was also true for 
rhamnose which was lermented by 29 strains 
not fermented bv 15 Occasionally a strain 
was encountered which tailed to contomi to 
the description m one or 2 respects For 
example 3 strains were urea negative one 
citrate negative one glvcerol negative and 
tests confirmed the absence of motibtv in 
a strain received from Stuart althougn all 
our own isolations were motile 

Colonies of Rettger s bacillus are rather dis- 
tinctive on certain plating media The 
greenish-brown mucoid colonies on bismuth 
sulfite agar are verx characteristic Less 
so but still unusual are the colonies on 
S-S agar where brown centers develop which 
are not at all similar to the intense blacken- 
ing of Salmonella and Proteus colonies Xo 
swarming of colonies has been observed on 
am plating medium although Rustigian and 
Stuart* 0 have reported its occurrence under 
special conditions 

The motility of this species originally re- 
corded by Hadlev as negative, was demon- 
strated by Rustigian and Stuart* The dif- 
ficulty which tbev appear to have bad in 
demonstrating motility has never occurred in 
tests using freshly prepared Bacto Motility 
Test Medium, incubated at 37°C Bergey 
desenbes Shigella rettgen as xvlose positive; 
only one strain of the 44 fermented this 
pentose Single strains also fermented cel- 
lobiose or maltose or trehalose. Sucrose is 
fermented after several days when its con- 

— Brecon, TV. S and Clark, P F, J Inf Bis., 
193 S, 63, 234 
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Few reports of the occurrence of Rettger’s 
bacillus can be found m the literature prior 
to its isolation by Cope and Kilander 1 
Originally the organism was isolated by 
Rettger during his studies of diseases of fowl 
It w'as described, named and classified by 
Hadley, Elkms and Caldwell, 2 by whom it 
was considered to be a member of the genus 
Shigella St John Brooks and Rhodes 3 
studied one strain obtained from Hadley’s 
collection, but aside from noting that it pro- 
duced indol, they made no mention of its 
characteristics The species is assigned to 
the genus Shigella m Bergey’s Manual, Vth 
Edition, where it was originally placed by 
Bergey and later by Weldin’ 4 Neter 0 in 
reviewing the genus Shigella called attention 
to the scanty and contradictory knowledge 
of this species Very shortly, Cope and 
Kilander in the aforementioned paper redis- 
covered the species in human gastroenteritis 
At about the same time, Stuart and co- 
workers 0 encountered strains called “type 
33111” m their study of the paracolon group 

Rustigian and Stuart 7 m the following year 
suggested the name “Proteus entencus ” for 
these strains Subsequently these workers 8 
secured presumably authentic type strains and 

l Cope, E J , and Kilander, K , Am J Public 
Health, 1942, 32, 352 

2 Hadley, P B, Elkins, M W, and Caldwell, 
D TV , E 1 Agr Exp Sta Bull , No 174, 1918, 
169 

3 St Jolm Brooks, R , and Rhodes, 51 , J Path 
and Bad , 1923, 26, 434 

4 Weldin, J C , Iowa State Coll J Sex , 1927, 
1, 181 

5 Neter, E , Bad Kcv , 1942, «, 1 

o Stuart, C A, Wheeler, K M, Rustigian, R, 
and Zimmerman, A , J Bad , 1943, 45, 101 

7 Rustigian, R , and Stuart, C A , J Bad , 1943, 
45, 198 

8 Rustigian, R, and Stuart, C A, Pnoc Soc 
Es.P Biol and Med , 1943, 53, 241 


demonstrated that the true species name for 
their “type 33111” and "Piotcus entencus” 
w’as “i ettgcri ” They assigned the species to 
the genus Proteus Their conclusions, based 
on the study of 78 strains are embodied in 
a recent paper by Rustigian and Stuart 9 
Fulton and Curtis 10 previously reported 
studies of this species, and Felsenfeld and 
Young 11 have isolated strains m the Chicago 
area There do not appear to be other 
published reports of the occurrence of this 
organism, although its isolation m New Eng- 
land, Michigan, Illinois and Texas suggests 
that it is of widespread distribution 
Organisms resembling Rettger’s bacillus but 
not identical with it have been isolated from 
time to time by most students of enteric 
bacteriology Such cultures have the cardinal 
characteristics of the genus Ebcrthella 
Fourteen species are recognized by Bergey, 
most of the descriptions being incomplete 
The communications of de Assis 12 and Her- 
ring 13 describe certain species of Ebcrthella 
but there is little published information con- 
cerning the characteristics of this group A 
detailed search would undoubtedly bring to 
light many hidden references to isolations of 
Eberthella species, such as have been made 
by Costa Mandry 14 and Hill ct al 13 In a 
study of 480 fecal specimens from adults, 

» Rustigian, R , and Stuart, 0 A , J Bad , 1045 , 
40, 419 

10 Pulton, M , and Curtis, S P , J Bad , 1944, 
48 , 382 

11 Felsenfeld, 0, and Young, Y M , J Pcdiat , 
1944, 25, 56 

12 de Assis, A, Bol Inst Vital, Brazil, 1928, 
5, 3 

13 Herring, R C , Am J Med Tech , 1942, S, 
136 

14 Costa Mandry, 0, Puerto Pico Rev Pubt 
Health and Prop Med, 1928, 4, 212 

15 Hill, J H, Seidman, L R, Sfadmelienko, 

A M S , and Ellis, MG,/ Bad , 1929, 17 , 205 
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TAB1TC III 


ICmie of test 



Strains 



r 

I 

II 

III 

IV 

V 

adomtol 

0 

— 

— 

— 

— 

nrabmose 

— 

— 

+ 

+ 

— 

cellobiose 

— 

— 



— 

4* 

dulcitol 

— 

— 

+ 

— 

— 

galactose 

+ 

— 

+ 

+ 

+ 

lgo glycerol 

+ 

— 

— 

0 

+ 

inositol 

+ 

+ 

— 

— 

-U 

lactose 

0 

— 

O- 

0 

— 

0 3% lictose 

— 

— 

— 

— 

— 

nnltose 

+ 

+ 

+ 

+ 

— 

mannitol 

+ 

— 

+ 

O- 

— 

m uinose 

+ 

— 

+ 

4- 

4- 

rlmnnose 

— 

— 

+ 

+ 

— . 

silicm 

+ 

— 

-U 


— _ 

sorbitol 

+ 

— 

4- 

— 

— 

5% sucrose 

0 

— 

— 

0 

4- 

0 37c sucrose 

+ 

— . 

— 

— 

4- 

trelnlose 


+ 

4- 

+ 

4- 

\i lose 

— 

— 

+ 


— . 

indol 

— 

4" 

+ 

+ 

-L 

mr 

— 

+ 

— 

+ 

4- 

'p 

+ 

— 

— 

— 

— . 

citrite 

+ 

— . 

— 

— 

+ 

gehtm 

+ 

— 

— 

+ 



+ Positne reaction 
— Xeg ltive re iction 
0 Undetermined 


The same 4 strains were used to adsorb 
the O serum Only strain 1544 agglutinated, 
and antibody adsorption was complete in one 
treatment Strains 517 and 519 were not 
agglutinated by the serum and did not adsorb 
any of the strain 1544 0 agglutinins from it 
They apparent!}' do not belong to the same 
0 antigenic group as strain 1544, although 
bacteriologically they are identical with it 
Strain 571 slowly but continuously lowered 
the titer of strain 1544 0 agglutinins al- 
though it was not itself agglutinated b} the 
serum It may be that this reaction was 
also seen by Rustigian and Stuart, s they 
failed to mention whether they observed it 
with 0 or H antibodies or with both This 
kind of adsorption reaction is by no means 
unique in this species There is no generally 
accepted interpretation of it It may in- 
dicate failure of the second stage of the 
antigen-antibody reaction, or an antigenic re- 
lationship of the partial antigen type between 
the strains Certain considerations suggest 
that it could also result from gradual satura- 
tion of the antibody by an antigen fraction 
liberated from the cells by the heat employed 


m preparing the O antigen suspension 

It is evident that the serological analysis 
of Rettger’s bacillus has not been completed 
and that it poses some interesting problems 
It is useful to know that the use of the 
single serum permits ready recognition of 
most strains, as the agglutination test is the 
most rapid means of identifying the t\pe 
Straws of the genus EbcrtlicUa Thirteen 
strains of gram negative bacilli were studied 
which were motile, anaerogemc, and moder- 
ately varied in fermentative pow'ers Five 
strains may be Rettger’s bacillus but departed 
rather widely from the t}pical description 
and were not agglutinated by “Detroit 1544” 
H or 0 serum Three others form a group 
which fermented adomtol, glucose, gh cerol 
levulose, mannose, and sucrose, produced 
indol, grew on citrate agar and alkalinized 
milk One of these cultures was isolated 
from human diarrhea, one was a stock cul- 
ture called Alcahgcnes alcalofoetidus and one 
was isolated by Preston from a monkey Al- 
though these cultures resembled Rettgers 
bacillus m their adomtol and indol reactions, 
their fermentative activity was quite restricted 
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TABLE II 




Characteristics of Btttgei ’s 

Bacillus 


adomtol 

4~ 

leiulose 

+ 

xj lose 


arabmose 

— 

maltose 


milk 

alk 

cellobiose 

— 

mannitol 

+ 

mea 

+ 

dextrin 

— 

mannose 

+ 

indol 

+ 

dulcitol 

— 

metJij igluc 

mr 

4* 

galactose 


r ifhnose 

— 


glucose 

+ 

iliamnose 

+ or — 

citrate 

X 

glucose gas 

— 

salicm 

-j- or — 

gelatin 



1% gljcerol 

4” 

starch 

— 

motihtj 

+ 

inositol 

4* 

sorbitol 

— 

sulfide 

umlin 

o% lactose 

- 

5% sucrose 

0 5% sucrose 

4* 

BiSOj greenish brown 
DC, SS and Mac plates 

+ 

0 5% hctose 

— 

trehalose 

— 

spreading on agar 


+ Acid 
— No acid 

+ or — Some strains pioduce acid, some do not 
ilk Alkaline milk 


centration is 5% At l/10th this concentra- 
tion acid is rarely formed A similar effect 
of changing the concentration of sucrose on 
the formation of acid has been observed with 
Proteus ammoniac and Shigella somiei 

The fermentation of adomtol is the most 
striking single characteristic of this species 
In a study of over 1000 strains of Entero- 
bactenaceae, fermentation of this polyatomic 
alcohol has been observed only with cultures 
of Rettger’s bacillus, with certain paracolon 
strains and occasional strains of uncertain 
identity Of all the known species of enteric 
bacteria, this is the only one characterized 
by the tetrad of adomtol fermentation, urea 
hydrolysis, indol formation and growth on 
Simmons citrate agar Among these 4 
cardinal characteristics, adomtol fermentation 
is the most restricted in distribution among 
the other gram-negative bacilli, therefore most 
nearly a distinctive characteristic of Reftger’s 
bacillus 

Serologically, Rettger’s bacillus is distinct 
from the other Enterobacteriaceae but 
heterogeneous itself None of the strains 
agglutinated in any serum of the Salmonella 
Typing Center series, nor m any Shigella 
serum (Lederle), nor in Proteus, Morgans 
bacillus and columbensis bacillus serums 

Serums were prepared against both for- 
malimzed and boiled vaccines of strain 1544 
isolated in Detroit Difficulty was experi- 
enced in securing 0 serum of sufficient titer, 
the vaccine being quite toxic for rabbits on 
intravenous injection The titer of the H 


serum was 3200, of the O serum 2500 There 
tvas little O antibody m the H serum, but 
the O serum had a higher titer with raw 
than with boiled antigen This may indicate 
a lability of the O antigen which contrasts 
with the heat stability of tins type of antigen 
m the Salmonella group 

The majority of the cultures, 21 in num- 
ber, agglutinated m both H and O serums 
One agglutinated in O serum but not m H, 
while 5 agglutinated m H but not m O 
Ten did not agglutinate in either serum Six 
cultures were too rough to use m agglutination 
tests Heating one-half hour at 80°C did 
not improve the agglutination , and in many 
instances decreased it Certain interesting 
relationships developed during antibody- 
adsorption experiments Antigen was pre- 
pared from thick tryptose agar plates flooded 
with one ml of tryptose phosphate broth 
culture and incubated overnight, suspended 
m saline and formalimzed or boiled The H 
serum was diluted 1 50, the O serum 1 5, 
and 1 ml absorbed twice with the growth 
from single plates 

Strains 1544 and 571 were agglutinated 
in the H serum, strains 517 and 519 were 
not Complete adsorption occurred with 
strain 1544, no change with 517 and 519 
Removal of agglutinins for 571 without de- 
crease of titer with 1544 resulted when 571 
was used as adsorbing antigen Thus there 
appear to be strains of Rettger’s bacillus 
having totally unlike H antigens, as well as 
strains having antigenic fractions in common 
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Serological Reactions of Levans Formed from Sucrose and Raffinose 

by Certain Bacilli * 

Doroth\ S Genghof, Edw ard J Hehre, and James M Neill 

From the Department of Bacteriology and Immunoloav, Cornell Cnncrsitv Medical College, 

Xcw Yorh 


Levans, which are water soluble polymers 
of fructose anhy dnde synthesized from 
sucrose and raffinose by some members of the 
genus Bacillus and also by some other bacteria, 
constitute a chemically well defined class of 
bacterial polysaccharides 1 The serological 
properties of the levans formed by one spore- 
forming rod (called bacillus N9) and of 
several strains of 5 saltvartus have been 
reported 2 3 The investigation of levans from 
a larger number of bacteria was required m 
order to get a more adequate concept of the 
serological properties of this class of bacterial 
polysaccharide and thus obtain a better basis 
for the application of serological methods 
to problems connected with the general sub- 
ject of levan formation Since the most widely 
distributed levan-forming agents are bacilli, 
the first step in the accumulation of the 
required information seemed to be to de- 
termine whether or not the levans formed 
by a number of species or varieties of bacilli 
had serological properties similar to those of 
the levans of the previously studied bacillus 
N9 and S saltvartus 

Materials and Methods The levan-form- 
ing bacteria were B subtihs (“Marburg ’ 
strain, American Type Culture No 6051), 
B pains (American Type Culture No 8472), 
5 strains of Bacillus (called A to E, not 
identified as to species) which had been 
isolated from feces, air and commercial 

* Aid was received bv a grant from tlie Sugar 
Research Foundation, Inc 

i Smith, R Greig, Proc Lum can Soc , Xew 
South Wales, 1901, 2G, 5S9, Steel, T, Proc 
Zinnean Soc, Xcu South Wales, 1901, 26, 620 
Mmv later papers are cited in reference 2 

= Hehre, E J , Genghof, D S , and Neill, J M , 
J Immunol, 1915, 51, 5 

3 Hehre, E J , and Neill, J M , J Exp Med , 
1940, 83, 147 


sugars, and 3 unidentified Gram-positive non- 
sporulatmg rod-shaped bacterial isolated from 
plants These 10 bacteria showed features 
which are commonly associated with levan 
formation namely , the supernatant fluids 
from cultures grown with sucrose or raffinose 
had a more opalescent or mucoid appearance 
and a greater content of material precipitable 
with 2 5 \olumes of alcohol than did the 
fluids of corresponding cultures grown with 
glucose or other sugars, also the sucrose and 
raffinose fluids contained considerable amounts 
of free reducing sugars The bacteria used 
as controls comprised the previously studied 
bacillus N9 and 5 saltvartus S20B from both 
of which chemically identified levans had 
been obtained 2 1 7 other strains of Bacillus 
(including B anthracts) none of which showed 
features indicative of levan formation, and 
Lcuconosloc mesentcroidcs B, which was 
known to produce dextran but no levan, 33 
the latter was included in order to control the 
adequacy' of the experimental method to dis- 
tinguish levans from dextrans 

The bacteria were inoculated into 3 sets 


1 Since most, if not nil of tlie non spornl iting 
rod slnped bacteria reported m tlie literature as 
leian formers have been gram negative varieties, 
tlie following description is given of tlie properties 
possessed m common bv tliese gram positive 
struns All were aerobic, non motile, catalase 
positive, grew readilv on ordmarv peptone me 
diums, liquefied gelatin gave acid from pentoses, 
grew better at 4o°C thin at 10°C, and showed 
no evidence of spore formation in many repeated 
tests on a wide varietv of mediums The 3 
stTams, however, differed from each other m 
fermentation of some corbolivdrates 

3 Niven, C F , Smilev, iv L , and Sherman, 
T M, J Biol Chem , 1941, 140, 105 
3 Sugg, J Y, and Hehre, E J , J Immunol, 
1942, 43, 119 
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and they were also serologically distinct 
from that species The differential reactions 
of the remaining 5 cultures are listed m Table 
III None of these 13 cultures was anti- 
gemcally related to any Salmonella, Shigella 
or Proteus stiam studied 

This group of 13 strains is fairly repre- 
sentative of the kinds of organisms included by 
Bergey in the genus Eberthella Unless great 
weight is assigned to its ability to hydrolyze 
urea, Rettger’s bacillus would appear to fall 
within this genus Rustigian and Stuart 0 
have emphasized urea hy drolysis, and as 
further significant characteristics, mention the 
occasional production of a small amount of 
gas together wuth their observation that 
swarming occurs under special conditions 
There is no clear reason for attempting to 
include in the genus Proteus all bacteria w'hich 
hjdrolyze urea, and the supporting charac- 
teristics mentioned are apparently not easy 
to confirm experimentally It is desirable 
to take into consideration all available evi- 
dence as to the characteristics and properties 
of organisms w r hose systematic relationships 
are being worked out, even though for pur- 
poses of practical rapid recognition a few' of 
the characteristics may be assigned relatively 
greater weight than the others 

If this view is taken, it is possible to argue 
that Rettger’s bacillus and the other organ- 
isms here described belong to the genus 
Eberthella They are motile, anaerogemc, 
parasitic, and antigemcally distinct from the 
other Enterobactenaceae They have been 


observed the world over by many workers, 
although usually they are relatively infre- 
quent The experience of Cope and Kilander 1 
shows that one type at least has occurred with 
epidemic frequency The same may happen 
wnth any of the other types * 

The status of the genus Eberthella is at 
present obscure It was created originally 
as a subgenus by Buchanan 23 and elevated 
to generic rank by Bergey in the first edition 
of his Manual At that time Rettger’s bacillus 
was classified as Eberthella rettgeri Subse- 
quently the species was included m the genus 
Shigella, since it had been reported nonmotile 
by Hadley Now' that its true reactions are 
known, it is evident that the species never 
should have been removed from the genus 
Eberthella Meanwhile, that genus has been 
left without a type species by the recogni- 
tion of the fact that E typhosa really be- 
longs in the genus Salmonella In theory, 
this destroys the genus Eberthella as a tax- 
onomic entity However, there is need for a 
group designation for these organisms which 
have in the past been called Eberthella 
species, and the proposed Bacteriological Code 
does not specifically forbid changing of the 
type species of a group essentially subgeneric 
in rank It is therefore proposed that the 
genus Eberthella be retained as a useful and 
necessary group, and that Eberthella rettgeri 
(Hadley), the best known and most widely 
distributed of the species assigned to the 
genus, be recognized as the ty'pe species 

-13 Buthanan, E E Sad , 1018, 3, 27 
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of broth medium containing respectiv ely 0 IS 
molar concentrations of sucrose, raffmose, 
or glucose, the base of each medium was 
tryptose peptone 1 /o, anhydrous sodium phos- 
phate 0 2%, and sodium chloride 0 S^o 
After incubation for 10 days at 23°C, the 
cultures were centrifuged at moderate speed 
(1500 rpm) for 40 minutes and the 
supernatant fluids utilized as the test ma- 
terials 

The presence of levan was determined by 
anaU zing the fluids for polyfructoside con- 
tent The method, described pre\iously in 
detail 3 consisted essentially of repeated pre- 
cipitation with alcohol, hydrolysis of the final 
precipitates in 08 X HC1 for 15 minutes at 
60° C and analysis of the by droly sate for 
fructose by the Roe 0 procedure 

The serological procedure consisted of test- 
ing a senes of dilutions of the neutralized 
culture fluids against 3 kinds of antiserums 
which were known to react with high dilu- 
tions (1 500 000 to 1 2 million) of the pre- 
viously studied purified levans - viz, anti- 
serum of sucrose-grown bacillus X9, anti- 
serum of sucrose-grown S saltvarms S20B, 
and a selected sample (called lot 1) of 
type 20 antipneumococcus The use of the 
3 kinds of levan-reactive serums made the 
comparison of the levans in the culture fluids 
with the preciously studied purified levans 
more complete than would be furnished by 
tests with a single serum Although the type 
20 serum reacted with dextrans as well as 
with levans, this complication was controlled 
by including m all of the tests another sam- 
ple (called lot 2) of type 20 and a type 2 
antipneumococcus serum, both of which were 
known to be as highly reactive with dextrans 
as lot 1 of type 20 but entirely' non-reactive 
with levans 

The results are summarized in Table I 
In the case of strains listed individually 7 the 
poly fructoside values are given for both the 
sucrose and raffmose fluids, in the cases 
where several strains are listed as a group, 
the data given are the lowest and the highest 
values obtained for either the sucrose or 
raftinose fluids The serological data for the 

GRoe, J H , J Btol Chem , 1934, 10T, 15 


sucrose and raftinose fluids are combined be- 
cause no significant difference was observed 
between them 

Results The chief point m the data (Table 
I) is that the sucrose and raftinose culture 
fluids of B siibhlts, B pains , Bacillus strains 
A to E, and 3 non-sporulatmg Gram-positive 
rods, which were proved to contain relatively 
abundant amounts of levan by 7 the poly- 
fructoside analyses reacted m high dilutions 
with the same 3 kinds of antiserum with 
which the previously studied purified levans 2 
had reacted In contrast, the glucose cultures 
of the same bacteria contained no levan and 
gave no reactions with the levan-reactive 
antiserums obtained by immunization with 
5 saltvarms and with type 20 pneumococci 
slight reactions did occur with the antibacillus 
serum but these can be dismissed as due to 
some minor antigen The chemical proof 
for the presence of levan m the reactive fluids, 
the substrate specificity, the serological like- 
ness to the prev lously studied purified levans 
and other factors! make it reasonable to 
accept the levan nature of the products re- 
sponsible for the reactions between the anti- 
levan serums and the sucrose and raffmose 
cultures of the bacilli The negative reac- 
tions of these cultures with the dextran- 
reactive type 2 and lot 2 of type 20 anti- 
serum serve as a control on the levan reac- 
tions obtained from the selected (lot 1) type 
20 antiserum The absence of detectable 
dextran m the sucrose cultures of the levan- 
forming bacilli is of some independent inter- 
est since levan and dextran occur together 
m sucrose cultures of certain streptococci 3 4 

The evidence for the serological similarity 
of the levans of the 7 sporulating and 3 
non-sporulatmg Gram-positive bacilli to each 
other and to the levans of the previouslv 

i The serological reactivity of the levan con 
taming sucrose and raffmose cultures of the bacilli 
was destroyed bv 15 minutes exposure at 55°C 
m 0 2 X HC1, winch was Lnowne to destroy the 
serological reactmtr of the previouslv studied 
purified levans This proof of the lability of the 
serological properties of the fluids of the bacilli 
is important because a high degree of suscepti 
bility to mild acid livdrolvsis is a well known 
chemical characteristic of lev ans 
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flour proteins m the diet 12 animals made 
an average gain per animal of 19 3 g and the 
protein efuciency on this le\el of intake was 
0 72 On the other hand, 30 animals on 
S S%, proteins in polished rice made an a\er- 
age gain per animal of 74 g and the efficiency 
of the rice proteins was 1 86 In other words, 
on the same plane of protein intake, the 
animals on the proteins in polished rice gained 
almost 4 times as much as those on the pro- 
teins in enriched wheat flour, also the ef- 
ficient of the proteins in polished rice was 
158% greater than those in the proteins of 
the wheat flour t 

t C 'iiice tins in inustript w is completed t com 
inurnc itum \\ is riccnul from Dr D B Toms of 
tlie Food md Nutrition Dmsion of tin Dqmt 
ment of Hum ill N'utntiou, Washington D C in 


After the termination of the experiments 
the animals were sacrificed and the chemical 
composition of the bodies minus the gastro- 
intestinal contents was determined according 
to technic prenoush described Xo note- 
worthy differences were found in the mois- 
ture, fat, protein and ash contents of the rice 
and wheal-fed animals The results in 2 
sets of animals m each group were as follows 
Rice-protein fed Moisture, 56-57%, fat, 
IS 5-20 6% protein, 17 3-1S5%, ash, 3 1- 
3 S% \\ heat-protein fed Moisture, 57 6- 
59 4%, fat, IS 0-19 9%, protein, 17 1% and 
17 1%, ash, 4 2-4 4%, 

nlmli lie si itis tli it im u Milts tie c=senti illv 
in lgieimuit with those m piogiess in Ins 1 ibon 
tori 

Sure B 1 \ uti 3*141 21 4 IS 
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Potentiating and Pressor Action of Some N-Substituted Hevylamines 

John R Lewis (Introduced by A M Lands ) 

From the Department of Pharmacological Research, Frederic? Stearns and Co, 
Diusion of Sterling Dmo Inc, Detroit, Mich 


Since F rolich and Loewi first observed the 
potentiation of epinephrine by* cocaine m 
1910, many other compounds have been found 
which also increase the pressor response of 
epinephrine Gaddum and Kwiatkowski 1 
stated that the effect of epinephrine was in- 
creased br low but inhibited by high con- 
centrations of ephedrine They suggested 
that this might be due to the inhibition of 
amine-oxidase by ephedrine thus preventing 
the destruction of epinephrine Lawrence, 
Morton and Tainter 2 reported that cocaine, 
as well as ephedrine and tvramine, blocks 
the ferment which inactivates epinephrine 
Jang- studied the effect of 10 sympathomimet- 
ic amines on the response of epinephrine 

i Guldum J H, and Kw ntton ski, H J 
Phil sod 103S 04, ST 

- Law rime, W S, Morton, M D, and T unter 
JI L J Pharmacol , 1042, 75, 210 

3 T mg, C S , i&itf , 1040 70, 347 


and adrenergic stimulation and reported that 
ephedrine, benzedrine, propadnne, tyramme 
cobefnne, sympatol and adrenalone possess 
the property of sensitizing m small doses 
and antagonizing in larger doses, the response 
of epinephrine or adrenergic stimulation on 
some or all of the preparations used in their 
study Munch and Hartung 4 found the 
phenylpropanolamine skeleton essential, in 
their senes of ary lpropanolamines, for the 
potentiation of epinephrine Graham, 3 m an 
investigation of a series of amines, found that 
derivatives of pbenydethylamme are not as 
potent as derivatives of phenydisopropy lamme 
in increasing the effects of epinephrine on 
the cardiovascular system Jang,'- in a report 

4 Munch, T C, uut Hirtung, W II , ,J A m 
Phaim Assn 1*130, 10, 356 

Gr-ilnm, T D P, Quart J Phaim and 
Pharmacol , 1*144, 17, 10 

G Jong, C «?, 7 Pharmacol 1041 71 S7 
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studied 23 bacillus and S saltvamis is based 
upon their likeness in capacities to react with 
antiserums obtained by immunization with 3 
phylogenetically different bacteria (bacillus, 
streptococcus, pneumococcus), which is con- 
siderably more significant than a likeness in 
capacity to react with a single antiserum 
The high degree of serological similarity found 
for all the levans studied indicates that similar 
serological properties are possessed by a large 
proportion, if not all, of the different members 
of this class of bacterial polysaccharide How- 
ever, since differences in molecular size and 
detailed chemical structure may occur among 
them, the levans of a larger number of bac- 
teria will have to be studied before definite 
conclusions are made on the serological 


properties of the entire class 

Summary Levans formed in sucrose and 
raffinose broth by B subtilts, B paws, S 
other strains of Bacillus, and 3 strains of non- 
sporulating Gram-positive rod-shaped bacteria 
possessed serological properties similar to 
those previously described for the levans of 
several strains of 5 sahvarms and of one strain 
of Bacillus This evidence extends the 
serological information on the levan class of 
bacterial polysaccharide and gives a better 
basis for the application of serological pro- 
cedures to the detection of bacterial leians 
both in laboratory culture fluids and in the 
various materials in which they occur m 
nature 
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Relative Efficiency of the Proteins m Polished Rice and in Enriched 

Wheat Flour.’ 11 

Barnett Sure 

Fiom the Department of Agricultural Chemistry, University of Ailansas, Fayetteville 


While a review of the literature discloses 
that on the same protein intake (5% level) 
the proteins in whole rice are superior to 
those in corn and oats, 1 no information was 
found on the relative biological values of 
the proteins in polished rice and milled wheat 
flour, fed on the same protein intake 
During the past year and a half, while 
engaged in studies on the influence on growth 
and protein utilization of additions of small 
amounts of cultured food yeasts to the pro- 
teins of cereal flours and cereal grains, it 
was observed that, on the same protein level 
in the ration, the proteins m polished rice 
are far superior to those m enriched white 
flour Polished rice fed at an 89% level and 
enriched wheat flour fed at 57% plane of 


* Research paper No 809 Journal Series, Uni- 
versity of Arkansas Published with the approval 
of the Director of the Arkansas Agricultural Ex 


penment Station 

l Mitchell, H H , J Btol 


Chem , 1924, 58, 905 


intake furnished the same 5 8% protein m the 
ration The rations contained 2 % cellu flour 
for roughage, 2% cod liver oil and 3% wheat 
germ oil as sources of fat-soluble vitamins, 
and a complete salt mixture 2 Cerelose 
(dextrose) constituted the rest of the rations 
An abundance of the vitamin B complex 
was furnished daily to each animal separately 
from the ration The composition of the 
vitamin B complex mixture was as follows 
100 pg thiamin, 100 pg riboflavin, 100 pg 
pyndoxine, 600 pg calcium pantothenate, 
100 pg nicotinic acid, 12 mg choline chloride, 
12 mg p-ammobenzoic acid, and 3 mg inositol 
The protein efficiency is expressed as gams 
in weight per gram of protein intake The 
experimental period was 10 weeks 

Twelve animals on 9% enriched patent 
wheat flour proteins showed an average gam 
per animal of 42 2 g and the proteins had 
an efficiency of 0 88, while o n 5 8% wheat 

2 Sure, B , J Nntr , 1941, 22, 499 
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Potentiation of pressor amines hs otlicr amines C irntid blooil pressure of anesthetized dog All in- 
jections were made into the exposed femoral vein 

AO X methyl beta cyclolicxvletliv lannne HC1 0 10 nig/kg before potentiation 
xV 1 Same after potentiation 

B 0 Ephednnc HCl 0 03 mgAg before potenti ltion 
B 1 Same after potentiation 

P Hexyl gamma cycloheaylpropylannne HCl 1 00 mg/hg 


amines An investigation of the pressor and 
potentiating actions of these amines was car- 
ried out and the results are reported here 

Experimental Dogs anesthetized with 
sodium pentobarbital and atropimzed were 
used as the experimental animals Blood 
pressure was recorded from the carotid artery 
All injections were made into the exposed 
femoral vein 

The compounds studied are listed m Table 
I along with the results indicating their pres- 
sor activity They were dissolved m w T ater 
or 50% ethanol, as indicated in the table, 
to make a 1% solution of the hydrochloride 
salt except m the case of n-hexylamme in 
which case an aqueous solution of the base 
was used 

The most active pressor compound m the 
series is Xo 185 (N-methyl-hexylamme) 
Other compounds which show marked pressor 
activity are Nos 445, 477, 489, 490, 491, 
and 492 Compound No 491 is approxi- 
mately one-half as active as N-methyl- 
hexylamine on blood pressure The pressor 
activity of compound No 491 is greater than 
that of its analog, N-methyl-gamma-cyclo- 


hexylpropylamme, the pressor action of which 
was described by Lands, Lewis and Nash 11 
In general, the cydohexylalkylammes are the 
most active m this series 

Compounds of the series with groups larger 
than methyl substituted m the amine group 
of hexylamme produce a diphasic type of 
blood pressure response which is characterized 
by a sharp transient fall followed by a more 
sustained rise An example of this is shown 
m Fig 1 We believe the fall results from 
a non-specific depressor action and may be 
due to a direct relaxing action of the com- 
pound on the musculature of the x’essels 
Tachyphylaxis was observed whenever re- 
peated injections of these compounds were 
made 

The potentiating effect of a few sympa- 
thomimetic amines was determined by com- 
paring the pressor response of the sympa- 
thomimetic compound before and after an 
injection of one of the various hexylamme 
derivatives The resulting potentiation is 

il Lands, A M , Lewis, J K , and Nash, T L , 
L Pharmacol , 1943, 83, 253 
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TABLE I 



Effect on Blood Pressuie of N Substituted Hexvlammes, C G 

h 13 nhr 

Compound 

No 

R 

No of 
animals 

Mean of 
doses 
(mg/hg) 

Mean of change 
in blood pressure 
(mm Hg) 


H 

4 

04 

(0 3 0 5)t 

+30 

( — 10, +50) f 

185 

Methyl 

5 

05 

(0 2 10) 

+55 

(-24, +90) 

443 

Butal 

5 

09 

(0 5 10) 

—1 

(-10, +18) 

444 

Amjl 

4 

10 

+13 

(-20, +40) 

445 

Hexjl 

12 

09 

(0 5 10) 

+19 

(—50, +100) 

354* 

Heptyl 

5 

09 

(0 5 10) 

—6 

(-25, +27) 

440* 

Octjl 

4 

10 

+10 

(-20, +36) 

474 

Phenylmetlijl (Benzyl) 

4 

10 

0 

(-20, +36) 

475 

beta Plienyletliyl 

S 

10 

O 

(-30, +30) 

470 

gamma Plienj lpropyl 

4 

10 

0 

(—20, +20) 

477 

delta Phenylbutyl 

4 

10 

+38 

(—10, +D0) 

47S* 

epsilon Plieiiylamyl 

4 

10 

+7 

(-15, +25) 

479* 

zeta Plienylhexyl 

5 

1 0 

—4 

(-40, +75) 

343 

Cvclohexyl 

8 

10 

0 

(—33, +16) 

4S9 

Ci clohexj Imethyl 

0 

09 

(0 5 10) 

+30 

(—25, +75) 

490* 

beta Cjclohcvjlethjl 

9 

10 

(0 5 3 0) 

+35 

(0.+145) 

491* 

gamma Cjclolie\)lpropjl 

5 

10 

+36 

( — 22, +90) 

492* 

delta Cjclohexjlbutjl 

4 

10 

+23 
(0, +42) 

493* 

epsilon Ci cloliex) lamyl 

3 

10 

—10 

(—75, +30) 

494* 

zeta Cj clohexa llicxjl 

9 

10 

—7 

(—40, +18) 


* Compounds dissolved an 50% ethanol Others dissolved an water 
t Range of values 


on the potentiation of epinephrine by ergotov- 
ine, stated that no chemical group is specific 
for the synergistic or antagonistic action 
towards epinephrine except that which is es- 
sential for sympathomimetic action, and ac- 
cording to Barger and Dale 7 this is an 
aliphatic amine group Of the aliphatic amines 
studied by these workers, n-hexylamme was 
found to have the greatest vaso-pressor ac- 
tion 

Blicke and Monroe , 8 Blicke and Zienty 9 

7 Barger, G , and Dale, EH, / Physiol, 1910, 

41 , 19 


and Blicke and Data 10 have synthesized, and 
made available to this laboratory, a series 
of compounds which can be considered as 
derivatives of n-hexylamme While carrying 
out a routine investigation of these substances, 
it was noted that some of the amines po- 
tentiated the vaso-pressor action of epine- 
phrine and of various other sympathomimetic 


Blicke, F F, and Monroe, E 
, 1939, 61, 91 


j Am Chem 






~ , ... XI T? 




61 10 Bheke, F F , and Data, Jolm B , Dissertation, 
University of Michigan, 1941 
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TABLE III 

Acute Toxiutv of Some A’ Substituted Hew 1 minus 


Approximate 

Compound A'o LD ."0, mg/Lg I>o=e (mg/hg), Xo of deaths/Xo injected 


nHco limine 23 


445 

30 

474 

70 

470 

23 

4S0 

50 

404 

<13 


13, 0/2. 23, 3/12, 30 2/2 
13 1/2 23, 2/12 'S3, 3/3 
40, 0/2 00 1/10, 70, S/10, SO, 7/10 

100, 4/3 120, 2/2 

13, 2/2 23 7/12 S3, S/3 50,10/10 
S3 0/10 30 7/10 75, 2/2 
13 10/12, 23 12/12 


hexvlamme), was found to be no more toxic 
than the primary compound, n-hexv lanune 
Discussion Barger and Dale,” m their 
studv of the relationship between chemical 
structure and sv mpathonumetic activitj , found 
n-hexxlannne to be the aliphatic amine hav- 
ing maximum pressor actmtv This activity 
xvas decreased when the aliphatic chain was 
lengthened or when there was a substitution 
m the ammo group Unfortunately we did 
not hax e available the X'-ethv 1- and X-propv 1- 
hexx lanunes to complete our series N-methyl- 
hexxlannne was found to have the greatest 
pressor action, di-hexylanune is the next most 
actn e amine in the aliphatic series In \ ie\v 
of the previous work, it was somewhat sur- 
prising to find pressor activ lty in an aliphatic 
secondary amine of this size The marked 
pressor response of some of the other com- 
pounds such as Xo 491, which was most 
active of the compounds containing a ring, 
3i as also not expected inasmuch as it con- 
tains a 6-carbon chain substituted on the ni- 
trogen m addition to a 3-carbon chain be- 
tween the ring and the nitrogen On the 
basis of the results obtained with these com- 
pounds, it would appear that the pressor 
activity is primarily a result of the action 
of the hexylamine portion of the molecule 
ut ls modified quantitatively by the other 
group substituted on the nitrogen 
Since many types of compounds have been 
reported to potentiate the pressor response 
°f epinephrine, there does not seem to be 
any chemical group specific for this action 
Gaddum and Kwiatkowski 1 have attempted 
to explain the potentiation of epinephrine by 
epbednne with the theory that ephedrine m- 
*bits annne oxidase thus preventing the de- 
struction of epinephrine This theory of 


substrate competition has also been applied 
to explain the pressof action' of ephedrine 
Ephedrine has been shown hdt to be destroyed 
bv this enzyme by Blaschko ct al 12 The 
same theorv has been applied to the sensitiza- 
tion of epinephrine by cocaine since Lawrence, 
Morton and Tainter 2 reported that cocaine 
inhibits annne-oxidase The pressor response 
of ephedrine and many other s> mpathonumetic 
compounds, including 'beta-johenvlethvlannne 
(Tainter 13 ) is diminished bv cocaine where- 
as thev are potentiated bv compounds m our 
series This would indicafe that there is 
more than one mechanism involved in the 
potentiation phenomenon 

Jang 3 found that cobefrme, which is not 
attacked bv annne-oxidase, was potentiated 
by ephedrine We found beta-phenylethyl- 
anune, which is destroyed by annne-oxidase 
and ephedrine which is not destroved bv the 
enzvme (Bever and Morrison 14 ), both 
potentiated bv hexylamine derivatives If 
the pressor action of ephedrine is due to its 
inhibition of annne-oxidase, then we could 
not expect it to be potentiated by other 
sympathomimetic anunes whose mechanism 
of action has been suggested to be the same 
as ephedrine 

There are a number of enzyme systems 
which have been recently reviewed by Bever 
and Morrison 14 that are capable of inactivat- 
ing sympathomimetic amines under certain 
conditions When one compound increases 
the action of several sympathomimetic agents 

i- Blasehho, H , Richter, D , and Schlossmann, H , 
Bioilttm /, 1037, 11, 21S7 

J3 Tuntu, .51 L, -li eh intirii Phannacoayn, 
1033, 4(1, 102 

n Bever Iv H, and Xlornson, II S, Ind ami 
hug C hr iu , 1943, 37, 143 
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Action of Some N-Substituted Hext lamines 


TABLE II 


Effect of y Substituted Hcxy lanmies on Pressoi Action of Sympathomimetic Amines 


Potentiating 

compound 






Sympathomimetic Amme 






N metliil beta ctclo 
Epinephrine hexyfethy famine 


bet i Pheni 1 
ethy limine 

\ 

Ephedrme 

tA 

B 

C 

D 

A 

B 

C 

D 

A 

B 

C 

A f 

D A 

B 

C 

D 

185* 

4 

8 

39 

—8 

4 

25 

37 

— 5 











„ _ 



443 

3 

67 

32 

+2 

o 

1 

15 

+10 

2 

075 

oo 

+17 1 

1 

14 

+2 

444 

3 

07 

35 

4*G 

i 

1 

5 

+37 

3 

007 

21 

+21 1 

1 

12 

+15 

445 

9 

89 

30 

+4 

9 

12 

20 

+30 

3 

084 

19 

+40 1 

1 

12 

+23 

354 

3 

86 

31 

+5 

3 

1 

25 

+38 

3 

0G7 

21 

+45 1 

05 

18 

+10 

44C 

2 

10 

18 

+15 

3 

1 

24 

+32 

O 

007 

24 

+35 1 

05 

12 

+28 

474 

3 

80 

27 

+4 

2 

1 

13 

0 

3 

067 

31 

+2 1 

05 

12 

0 

475 

0 

11 

32 

+1 

3 

13 

31 

+8 

■> 

095 

34 

O O 

075 

14 

0 

470 

o 

5 

25 

0 

3 

1 

20 

+32 

1 

05 

32 

0 2 

075 

14 

+2 

477 

o 

5 

28 

+4 

3 

13 

24 

+48 

1 

05 

32 

+12 2 

075 16 

+17 

478 

2 

10 

23 

+ 5 

3 

1 

23 

+26 

1 

05 

17 

+18 1 

05 

12 


479 

4 

9 

35 

+3 

3 

1 

22 

+24 

o 

1 

24 

+22 2 

075 16 

-j-8 

343 

5 

11 

32 

—1 

5 

12 

17 

+3 

2 

075 

19 

+14 1 

05 

10 

+8 

489 

2 

5 

39 

—4 

4 

18 

27 

+16 

O 

05 

20 

+6 1 

05 

12 

+3 

490 

7 

18 

41 

+ 12 

0 

14 

32 

+31 

1 

05 

12 

+20 1 

05 

8 

+11 

491 

4 

11 

40 

+15 4 

15 

28 

+42 

1 

05 

20 

+7 2 

05 

13 

+32 

492 

3 

07 

38 

0 

o 

15 

28 

+33 

3 

05 

21 

+27 2 

05 

13 

+12 

493 

— 

• 

— 

— 


2 

19 

+41 

1 

05 

11 

+20 1 

05 

6 

+0 

494 

5 

1 1 

34 

+20 8 
f ... 

15 

23 

+33 

3 

(1 i 

05 

OO 

+22 2 

05 

11 

+6 


* Dose of potenti itmg i omnmnul was 1 mg/kg except No 185 which ins 5 mg/kg 
t Column A — No of animals used ' ' >tl 

Column B — Mem dose m mg/kg except epinephrine which is in gamiha/hg 
Column C — Aiernge mm use in blood pressure before the potcnti'lt'dig fcfttftpound 
Column D — Average change m column C after the potentiating compound 


given in Table II, and an example, is shown 
in Fig 1. Since the -data represents only a 
small number of observations in each case 
the results cannot be compared quantitatively 
The results obtained with epinephrine were 
much more variable than those obtained with 
the other sympathomimetic compounds The 
inclusion of experiments in which there was 
no potentiation or even a decrease in the 
response reduces the positive value of the 
averages Compound No 185 did not pro- 
duce any sensitization of the pressor re- 
sponses in the few' experiments m which it 
was used A sufficient quantity of this com- 
pound was not available to carry out furtner 
tests N-methyl-beta-cyclohexylethylamine 
was not potentiated by No 474 AH other 
compounds caused an increase m the pressor 
response of this sympathomimetic amine The 
pressor response of beta-phenylethylamme 
was sensitized by all compounds m the series 
except Nos 475 and 476 No specific com 
elusions can be made concerning the po- 
tentiation of ephedrme because of the small 
number of observations However, the re- 


sults obtained appear ’.to parallel those of 
beta-phenylethylamme , 

The pressor activity of the various com- 
pounds bears no relationship to their potenti- 
ating effect The duration of the sensitiza- 
tion was found to vary m different experi- 
ments from a few minutes to as long as 2 
hours However, in every case it was a 
reversible phenomenon and the increased 
pressor responses of the sympathomimetic 
amines returned to normal, as determined by 
repeating the injection at various intervals 
of time Other sympathomimetic compounds 
w'hich were observed to be potentiated are 
n-hexylanune, tyranune, amphetamine, Sj'm- 
patol and Privine 

Acute toxicity' of a few of these compounds 
was determined by intrapentoneal injection 
in albino mice The results are given m 
Table III With the substituted hexy lamines, 
those containing a cyclohexyl ring are more 
toxic than those containing a phenvl ring 
Toxicity is increased by increasing the length 
of the chain between the ring and the nitro- 
gen The secondary amine, No 44 s (di-n- 
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TABLE I 

Summirv of Experiments t'pon Protective Action of Vinous Agents Against Parenchymal 
Xecrosis m Liver md of Lipotropic Action 


Supplement to 
basic diet 
ivg per inimil 


Xo 

rats 

Avg Co wt 
lost 

Hepatic cell 
necrosis 

series 

Fattr infiltration of liver 

Hodernte* 

series 

Severe f 
senes 

Xo 

d 

Xo 

57 

Xo 

To 

Basal diet only 


4S 

17 7 

6 

12 5 

13 

27 

15 

31 2 

Choline 

41 S mg 

20 

SO 

0 


0 


0 


Choline 

20 \ 

20 

3 2 

0 


5 

25 

0 


Cystine 

32 3 | 









Methionine 

40 

IS 

23 

0 


5 

27 S 

1 

O O 

Thioglycollic acid 

24 6 

25 

30 

1 

40 

3 

12 

10 

40 

Glycollic acid 

23 3 

20 

14 

1 

5 0 

7 

35 

10 

50 

Thiomilic icid 

31 75 

20 

ISO 

o 

10 0 

0 


19 

95 

Malic acid 

35 S 

19 

13 0 

-> 

10 5 

5 

20 3 

9 

47 5 

Tliiolactie ncid 

2S 45 

19 

15 0 

3 

15 S 

4 

21 0 

11 

5S0 

Total Xo rits 


209 









* fatty infiltration (see text) 
t H — j — f- or 4 — [ — | — [- fattr infiltration (see text) 


Other — SH compounds were also tested but 
a close correlation between the presence of 
— SH and protection against hepatic damage 
was not here observed Methionine in large 
doses did not afford protection The follow- 
ing studies were conducted to determine if 
certain — SH and other compounds might 
afford protection against hepatic necrosis of 
dietary deficiency in the rat and also to 
observe if such compounds might possess 
lipotropic action 

Methods White rats of inbred strain 
weighing at least 150 g were maintained upon 
the following diet for 70 davs 


7c 

Casein (vitamin free) . S 

Cnsco _ _ . .. 3S 

Glucose . 4S 

Cod liver oil . _ 2 

Salt mixture 3 4 


Vitamins added to afford each animal ap- 
proximate!} the following daily intake 
Thiamine h> drochloride, 75 /ig, pantothenic 
acid, 100 fig, riboflavin, 40 fig, pyndoxine, 
65 fig, macmamid 5 mg (These were sup- 
plied m vitamin B complex-oral, Lederle Lab 
Inc ) 

This diet has been shown 4 to result in 

3 Hubbell, E B , et al , Avx J Xutntion, 1937, 
14, 273 

•i Gyorgv, P, and Goldblatt, H, J Exp Med, 
1942, 75, 355 


van mg degrees of fattv infiltration of the 
liver, cell necrosis and if maintained for 
sufficient periods, cirrhosis 

The animals were kept m groups of S to 
10 in a cage The daily individual intake 
of food was not measured but the animals 
were weighed at weekly intervals and the 
average of each cage recorded This served 
as the indicator of food ingested 

Supplements consisting of the various 
agents to be tested for protective action on 
the liver were added to the several portions 
of the basic diet as indicated in Table I 
The quantities of sulphur m the — SH com- 
pounds added were equivalent to the S in 
40 mg of methionine 

In a few instances the animals died before 
the expiration of the experiment the re- 
mainder were killed at the termination of the 
period stated and the livers were fixed m 
3% formaldehyde embedded m paraffin and 
sections stained with hematoxvhn and eosm, 
and in some instances bv Mallorv s connective 
tissue stain Frozen sections for staining with 
scarlet red were also made m a number of 
instances 

The features noted were degree of necrosis 
(+ to -{ | — j — {-), degree of fattv infiltration 
(a few scattered vacuolated cells, larger 
groups of vacuolated cells, -f-f wide zones 
of vacuolated cells, -{ — j — [- practical! v every 
cell vacuolated ++++ The fact that 
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which are probably inactivated by different 
types of enzymes, the theory of substrate 
competition will not explain the mechanism, 
unless the potentiating compound were capa- 
ble of reacting with the various enzymes 
This does not seem probable m view' of the 
degree of specificity exhibited by enzyme 
systems The effector cell may be sensitized 
by these potentiators This raises a funda- 
mental question with regard to the mecha- 
nism of action of the various sympathomimetic 
agents A completely satisfactory answer has 
not yet been found However, it does not 
seem unlikely that compounds containing long 
aliphatic chains might alter permeability by 
surface action and thereby increase the 
sensitivity of the cell to other compounds 

Summary 1 A series of 19 N-substituted 
hexxlamines have been studied for their ef- 
fect on blood pressure and on potentiation 
of the pressor response of some sympa- 
thomimetic compounds 2 N-methyl-hexyl- 
amine was found to have the greatest pressor 
action with di-he\ylamme next most active 
m the aliphatic senes 3 N-(gamma- 
cyclohexylpropyl)-hexylamine has the great- 


est pressor action of those compounds con- 
taining a ring In general, compounds con- 
taining a cyclohexyl ring were more active 
than those containing a phenyl ring or with 
only aliphatic groups 4 Many of the com- 
pounds m this senes have been shown to 
potentiate the pressor response of epinephrine, 
beta-phenylethylamme, N-methyl-beta-cyclo- 
hevylethylamme, ephednne and some other 
sympathomimetic agents The potentiation 
of epinephrine w'as more variable than that 
of the other sympathomimetic compounds 

5 The possible mechanisms of the potentia- 
tion phenomenon are discussed The amine- 
oxidase theory of potentiation does not ap- 
pear to apply to the compounds m this series 

6 Acute toxicity tests indicate that those 
compounds containing a cyclohexyl ring are 
more toxic than those with a phenyl ring 
Increasing the length of the chain between the 
ring and the nitrogen increases the toxicity 
Di-n-hexylamme is no more toxic than n- 
hexylamme 

Tlie author is indebted to Mrs Kathryn Z 
Hooper for assistance in carrying out some of the 
experiments and to Miss V Lor.aine Nash for the 
dctcrimn ition of acute toxicit} 
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Protective Action of Certain Compounds Against Dietary Hepatic 

Damage in the Rat ' 


John Green and A Brunschwtg 
From the Department of Surgery , University of Chicago 


In a previous communication 1 experimental 
studies W’ere reported to show that the pro- 
tective action of protein (casein) and methio- 
nine against chloroform hepatic damage m the 
dog could be accounted for by the presence 
of°— SH since thioglycolhc acid conferred 
similar protection to the above and glycolhc 
acid, aspartic acid, glutamic acid and sodium 

-T^T^^ST^ndueted under the Charles 
and Mary F S Worcester Fund The University 


of Chicago 

l Brunscliwig, A 


et al , Arch Path , 1945, 40, 81 


thiosulphate did not afford protection This 
conclusion was further strengthened by 
hitherto unpublished experiments in which 
thiomalic and thiolactic acids conferred pro- 
tection but malic and lactic acids failed to 
afford protection In a second report- it was 
shown that thioglycolhc acid conferred pro- 
tection in the rat against acute hepatic damage 
by carbontetrachloride but glycolhc acid con- 
ferred almost an equal degr ee of protection 

- Brunsclmig, A, Johnston, C, and Nichols, S, 
Pkoc Soc Exp Bion. and Med, 104o, 00, 388 
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TABLE I 

Urinary Excretions of Porphyrins 


Dates 

PUl 

Vol cc 

a g pooled 
coproporphvrm 

Proto 
porpln nn 

X'ol ec 

•4C pooled 
topro 
porphyrin 

Broto 

porplrmn 

5/21 to 23 

40 

7 

none 

57 

7 

none 

5/23 to 26 

SO 

it 

j i 

S4 

t 

} 

5/26 to 2S 

XI 

ii 

7 7 

63 

7 


5/2S to 30 

50 

7 

J 1 

71 

5 

J 3 

5/30 to 6/2 

S4 

ii 

3 

SS 

7 

3 

Injection 

solvent onh — 27/50 27aOH 

10 agAg protopoiplnrm 

in 27/50 27aOH 

6/2 to 4 

74 


none 

70 

7 

none 

6/4 to 6 

SO 

ii 

j i 

S3 

7 

j > 

6/6 to 9 

90 

24 

J 7 

94 

21 

7 7 

6/9 toll 

60 

16 

J 7 

79 

11 

3 3 


It has frequently been assumed that 
coproporphy nn might be derived from 
protoporphyrin in the body In perfusion 
experiments, van den Bergh, Grotepass, and 
Rev ers-~ found that liver converted protopor- 
phy nn into coproporphy nn, but Watson^ and 
his co-workers were unable to confirm this 
The work here reported was designed to 
bring evidence on this question and also to 
test the effectiveness of protoporphyrin m 
photosensitiaation 

E\pcnmcvtal Protoporphyrin was pre- 
pared by r the following method suggested by 
Dr E H jMaechlmg 7 
To human clotted blood, was added an 
equal volume of concentrated HC1 and the 
mixture was heated over a steambath for 
an hour till all clots were completely broken 
up The dark red mixture showed absorp- 
tion bands at 667-640 m p, 602-593 mp, 
588-546 mp This was cooled and distilled 
water added — 3 parts w T ater to one part 
blood mixture The diluted mixture was twice 

Rimington, C , Onderstepoort J ret Set and 
Animats Ind , 1936, 7, 567, b Dobrmer, K J 
Biol Cheat , 1937, 120 , 115, Borst, M u, and 
Komgsdorffer, H, Untersnclnnigen nber Porphync 
mxt besondcrcr Berucl <nclitigung den Porphyria 
congenita, Leipzig, S Hirzel, 1919, d Dobnner, 
K , rad Rhoads, C P , Phys Ecv , 1940, 20, 416 
5 Van den Bergh, A A H, Grotepass, XV u, 
md Beyers, F E , Khn TTclinschr , 1932, 11 , 534 
oa XVatson, C J , Pass, I J , a„d Schwartz, S, 
J Bio! Cheat , 1941, 130 , 583 , b Salzburg, P , 
and VX atson, G T , J Biol Cheat , 1941, 130 , 593 
1 Person'll comraumcition 


extracted with \]A volumes chloroform The 
acid chloroform extract was dichroic (green- 
ish-pink), had a red fluorescence and showed 
absorption bands at 612-604 mp, 587-583 mp, 
and 568-554 mp The emulsion formed at 
this point was broken up by shifting the 
mixture from one separatory funnel to an- 
other and allowing it to separate for 20 to 40 
minutes The chloroform solution was washed 
with portions of water until the washings 
were neutral to litmus The neutral chloro- 
form extract showed absorption at 634-62S mp, 
590-577 m p, and 547-536 mp As the acid 
was removed, the chloroform solution turned 
from a dichroic greenish-red to a red color 
The neutral chloroform solution was extracted 
with 1/6 volume N/20 XaOH The dark 
brown alkaline solution had absorption bands 
at 638-628 m p, 5S5-573 m p, and 557-543 
m p Twenty’-five cc glacial acetic acid were 
added This was then extracted with 200 cc 
ether The acid lay T er was washed with dis- 
tilled water until washings were neutral to 
Congo Red The ethereal solution was then 
filtered The pmk neutral ethereal extract 
had an intense red fluorescence and strong 
absorption bands at 637-630 mp, 606-581 mp, 
577- 574 mp, 542 -531 mp, 512-499 
mp The ether was evaporated off the re- 
sulting amorphous residue was virtually pure 
protoporphy m, as indicated by solubility and 
spectral characteristics 
Various dilutions of the protoporphyrin m 
16 cc ether were made and studied spectro- 
scopically m a 200 mm polariscope tube 
The end-points of spectral band detectability 
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these vacuoles represented fat was controlled 
by appropriate stams since in marked pro- 
tein depletion the cytoplasm of hepatic cells 
often appears vacuolated but does not con- 
tain fat) The presence of cirrhosis was 
also sought for but this was not frequently 
encountered due in all probability to the 
duration of the experiments It was observed 
only in 3 instances, one m each of the groups 
receiving glycolhc, thiolactic and thiomahc 
acids respectively 

The results are summarized m Table I 

Discussion From the table it is noted 
that cellular necrosis occurred in 12 5% of 
the control series and moderate to severe 
fattv infiltration was present m 58% 
Choline afforded absolute protection against 
necrosis and fatty infiltration Choline m 
reduced quantity plus cystine protected 
against necrosis and also exhibited lipo- 
tropic action but not as well as larger doses 
of choline alone Methionine exhibited ap- 
proximately' the same effects as choline plus 
cystine Thioglycollic and gly'collic acids af- 
forded appreciable but not absolute protec- 
tion against necrosis and did not exhibit hpo- 
tiopic action Indeed gly'collic acid afforded 


a higher incidence of fatty infiltration than 
m the control series Thiomalic, malic and 
thiolactic acids afforded no protection against 
necrosis and resulted in a higher incidence of 
fatty infiltration than m the control series 
The results with thioglycollic and glycolhc 
acids are of interest since by their use it 
would appear that the lipotropic factor and 
necrosis protecting factor are shown not to be 
necessarily identical For further support of 
this is the fact that methionine, which has been 
repeatedly' shown to be lipotropic, does not 
protect against the acute hepatic cell damage 
caused by' carbontetrachlonde in rats 
The explanation of the protective action of 
thioglycollic and glycolhc acids against acute 
hepatic cell damage by carbontetrachlonde 
and by' dietary deficiency is not apparent 
Summary Both thiogly'colhc and gly collie 
acids afford a degree of protection against 
hepatic cell necrosis due to dietary deficiency 
in rats These compounds are not lipotropic 
The above studies indicate that m certain 
dietary deficiencies m rats leading to hepatic 
fatty infiltration and parenchymal necrosis, 
the factors responsible for both these changes 
are not necessarily' identical 
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I Zeligman (Introduced by J G Hopkins ) 
r»om the Departments of Dermatology and Biochemistry, Columbia University, College of 
Physicians and Sw peons, and fiom the Skin and Cancer Unit, Kcic Tori Post Graduate 
Medical School and Hospital, Columbia Univasilij 


It has lecentfy been shown 1 that the 
chromogen of hemoglobin is synthesized in 
vivo from acetate and glycine, but little is 
known with certainty of the metabolic origin 
of the porphyrins of the excreta It has been 
variously suggested that these are formed 
(a) during the breakdow'n of endogenous 
hemoglobin to bile pigments, 2 (b) by con- 

l -1 Bloch, K , alia Bittenberg, D , 3 Biol Chem , 

10 45 130, 43 , bSlieimn, », and Bittenbeig, 

D , 7 IUol Chem , 1043 loi), 507 


version of ingested chlorophyll and hemo- 
globin 3 and (c) by processes involved m 
the synthetic production of hemoglobin 4 

- a 'Spin oils, H T, and Cirrie, C, Klin 
TTchnschi , 1033, 1 - 2 , 745, b Heroic! L , .1 > ch / 
Gijrnil , 1034, 158, 213 

s-x Snippu, J, Anh f T crdaunnqs.li , 1Q19, 
23, .’30, b Sehumm O, Z f physiol Chem, 
XO’Cj 133 225, c Kammeier, H, Dtsehes .lull 
f ~1 {in Med 1024, 1-43, 257, d Vamiotfi, A, 
Poiphmmc and Porphminl ranlhaten, Beilin, J 
Sprmgei, 1037 
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ference m the urinary output of coproporphy- 
nn between the 2 cages was noted No 
protoporphy rin was excreted m the urine by 
either set of animals (See lable I) 

In order to rule out the possibility that 
the protoporphyrin or the comerted 
copropOrphvrin was excreted xia the stools, a 
similar experiment was performed, both urme 
and stool being collected The urine was 
collected, extracted and tested quantitatix ely 
as in the previous experiment The stools 
collected for 48-72 hours from each cage, 
were pulverized and shaken up and extracted 
3 times with 200 cc glacial acetic acid The 
acetic acid solutions were combined A '/s 
aliquot portion w as extracted tw ice w ith equal 
x olumes of ether and the ethereal solutions 
combined The remainder of the extraction 
and quantitative estimation was carried out 
exactlv as outlined for the urine (See Table 

II) 

Following the injections, the protopor- 
phy rinized animals excreted large amounts of 
protoporphyrin as such in the feces, but there 
was no increase of coproporphyrin excretion 
m either urine or feces 

PhotoscnsiUzation Experiments Three 
weeks after the injections, exposure of the 
8 animals to sunlight from 9 30 am to 
4 00 pm caused the death of 3 protopor- 
phy rin-mjected rats on the first afternoon 
and one control animal the next morning 


Autopsy showed that the animals still had 
considerable pigment at the sites of injection 
These pigmented tissues were removed and 
placed m alcohol which then showed the 
typical spectrum of protoporphyrin 
’ Similar white rats on the same diet were 
used m other photosensitization experiments 
Following injection of protoporphyrin 10 
mg kg subcutaneously into some of the ani- 
mals and of the same amount of the solvent, 
N/50 NaOH, into control animals, the ani- 
mals were exposed to a carbon arc lamp 
and to sunlight with and without a window - 
glass filter No striking difference between 
the control and experimental animals was 
noted 

Summary 1 A simple method for the 
preparation of protoporphyrin from blood is 
described 2 White rats were injected sub- 
cutaneously with protoporphyrin and were 
found to excrete greatly increased amounts 
of protoporphyrin m the feces No urinary 
protoporphyrin nor increase of urinary 
coproporphyrin excretion following the injec- 
tion was noted Much of the injected 
protoporphyrin remained at the site of in- 
jection There was no evidence that the rat 
is able to convert injected protoporphyrin 
to coproporphyrin 3 Photosensitization ex- 
periments of protoporphyrin-injected white 
rats to carbon-arc and sunlight were unsuc- 
cessful 
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Early Changes Induced m Purkmje Cells of Rabbit by Single Massive 
Doses of Roentgen Rays * 

Berry Caxipbell, Stanley C Peterson, and Rosalind Novick 
from the Department of Anatomy, Vmicrsity of Minnesota 


That nerve tissue is highly resistant to 
Roentgen radiation is well known through 
reports in the literature indicating that large 
repetitive doses wall induce pathological 
changes in the nerve cells both in man 1 and 

* Aided by i gr-uit from the National Found! 
tion for Infantile Paralysis, Inc 


m laboratory animals 22 Time correlation of 


i W achowshi, T J , and CUenault, H , Radiol , 
1945 45, 217 

- Dandoff, L M, Dvbe, C G , Elsberg, C A, 
nid Tarlor, I M Radiol , 193S, SI, 431 

- Lvman R S Kupalot , P S , and Scholz, W , 
Arch Neurol and F'l/chiat , 1913, 20, 56 
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Experiments with Protoporphyrin 


TABLE II 


Prinarj and Fee'll Excretion of Porphyrins 


D ites 

1941 

Yol cc 

tig 

urine 

COpl 0 
porpln rm 

pg 
stool 
copro 
porphj rra 

p.e 
stool 
proto 
porphv nn 

Yol cc 

ug 
uruu 
topio 
porplry rm 

tig 

stool 

topro 

porplijnn 

ug 

stool 

proto 

porplivnn 

6/13 to 10 

80 

ii 

43 

41 ? 

70 

ii 

61 

58 ’ 

6/16 to 18 

170 

8 

29 

147 

74 

7 

47 

247 

6/18 to 20 

65 

11 

89 

454 

65 

14 

33 

303 

6/20 to 23 

105 

24 

99 

517 

90 

24 

oo 

2Go 

Inaction 


solvent 10 cc N/50 NnOH/kg 


piotonorphv 

nn 10 nig 

m 







10 cc N/50 N-iOK/kg 


6/23 to 25 

75 

8 

11G 

606 

45 

7 

42 

1266 

6/25 to 27 

81 

7 

89 

545 

70 

ii 


1764 

6/27 to 30 

125 

34 

56 

4S7 

110 

36 

98 

942 

6/30 to 7/2 

105 

14 

34 

337 

75 

32 

78 

1184 


were observed with 4 y at 633, 12 y at 576 m ft, 
and 20 y at 606 mg. It had previously 
been observed that hematoporphyrm and 
coproporphyrin were spectroscopically indis- 
tinguishable Their corresponding end-points 
of detectability were observed with 3 y at 
623 nip, 7 y at 567 mp, and 14 y at 
596 mp 

Quantitative estimation of the amount of 
porphyrin with this spectroscopic method was 
based on Lageder’s 8 method as employed by 
Kapp and Coburn 9 and by Maechlmg 10 The 
spectroscopic examination was made with a 
Bausch and Lomb wave-length spectrometer 
No 628 The light source was a (Burn 
Base Down) Projection bulb — Mazda G E 
6V, 18A 

Animal Studies Eight white rats weighing 
about 200 g each, were kept, 4 in each of 2 
metabolism cages, on vitamin D free 11 Rock- 
land rat diet The pooled urine from each 
cage was collected every 48-72 hours and 
the urine extracted for proto- and for 
coproporphyrin, as folloxvs 

Urine was treated with 3 cc of saturated 
sodium acetate solution and l /s volume of 
glacial acetic acid and extracted twice with 
equal volumes of ether The combined 
ethereal solutions were washed twice with 

S Lageder, K , Arch f Verdauungd r , 1934, 56, 


237 

ilvipp, E Jt, and Coburn, A F, But J Exp 
Path , 1030, 17, 257 

10 M'techhng, EH, / lah and Clxn Med, 
1941. 26, 1676 

n Slmetz, C A, Am J ret research, 1943, 


4. 182 


]A, volume dilute sodium acetate solution 
(approximately 10 cc saturated sodium 
acetate solution to 600 cc distilled water) 
and extracted 3 times with 10 cc 5% HC1 
The combined acid extracts were neutralized 
to Congo Red with saturated sodium acetate 
solution, and 10 cc of glacial acetic acid were 
added The solution was extracted twice 
with equal volumes of ether and the com- 
bined ethereal solution was washed twice 
with dilute sodium acetate solution and shaken 
3 times with 10 cc portions of 0 5% HC1 
The combined acid solution was washed with 
an equal volume of chloroform, neutralized 
to Congo Red with saturated sodium acetate 
solution, and treated with 2 cc of glacial 
acetic acid The acidified solution was ex- 
tracted twice with 10 cc of ether and the 
combined ethereal solution containing co- 
proporphyrm examined spectroscopically by 
the absorption band end-pomt method de- 
scribed 

The chloroform solution was extracted 
twice with 10 cc of N/20 NaOH, the com- 
bined alkaline solution acidified with glacial 
acetic acid and extracted twice with 10 cc 
of ether The ethereal solutions were com- 
bined and examined spectroscopically by the 
dilution method for protoporphyrin 

After the approximately basal level of 
coproporphyrin output had been determined, 
the 4 animals in one cage were injected 
subcutaneously with protoporphvrin dissolved 
in N/50 NaOH at a level of 50 mg per kg 
body weight The 4 animals m the other 
cage received an equal subcutaneous injec- 
tion of the solvent alone No striking dif- 
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t Normal Purkinje coll from control prep iration 
b ChrcmntoVvzed cells 
c Ctll showing clear margin of ectoplasm 
d Cell showing \acuolization of margin X 000 


turn developed m a week or 10 days 

Immediate and severe chromatolysis pro- 
duced by irradiation is m marked contrast 
to the more familiar axon reaction Changes 
concomitant with chromatolysis and appar- 
ently related to it, the formation of a clear 


peripheral zone of cytoplasm and the appear- 
ance of vacuoles, appear only as immediate 
effects Temporally these are related to cer- 
tain symptoms which are also fugitive In 
several days the whole syndrome is replaced 
by the well-known degenerative picture 
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Time Course of Changes in Sensory Cells of Trigeminal Ganglion of the 
Rabbit Following Irradiation * 

Rosalind Xovick (Introduced by Berry Campbell ) 

From the Department of Anatomy, Unncrsity of ITinncsofo 


Immediate and delayed effects of Roentgen 


* Aided bi a grmt from the Nation'll Found! 
tion for Infantile Pnralisis, Inc 


ray exposure upon neurons may be separated 
by analysis of the time course of chromatoly- 
sis induced To achieve this end it is es- 
sential that single effective doses be emploj ed 
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died during exposure 
” following ” 

18 hr 
43 ” 
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13 ” 

0 hr 

still nine 
5y 2 hr 

12 hr 
18 ” 

still nine 
0 hr 
0 " 

3 ” 

13 ” 

still line 
>t n 

it >i 


these changes has not been made m most of 
the reported studies The present investiga- 
tions were designed to clarify this matter by 
utilizing single massive exposures which serve 
as a starting point m relating histological 
change with elapsed time 
Twenty-five rabbits, 4 to 5 lb m weight, 
were irradiated in 4 groups of 6 and one 
singly With the aid of a special holder, 
the heads of the animals were held in place 
in a circle of small radius and simultaneously 
irradiated The dosage is listed m Table I 
The changes observed in the treated ani- 
mals were chromatolysis, vacuolization of the 
cytoplasm, pyhnosis, and loss of cells through 
neuronophagia The animals killed immedi- 
ately following irradiation showed marked 
lysis of the Nissl material of the cells This 
chromatolysis is short-lived, being but slight 
m No 349 which was killed at 18 hours and 
not to be noticed at all in the first member 
of the 1000 r series Rabbit No 408, killed 
immediately after irradiation show's cells 
which demonstrate not only complete break- 
ing up of the Nissl bodies into a fine lightly 
staining powder, but also reveal the appear- 
ance at the periphery of the cell of a wide 
margin of clear cytoplasm Neighboring cells 


show large clear vacuoles occupying this 
marginal zone and in some instances replac- 
ing entirely the unstained cytoplasm Further 
studies on the relationship of the chromatoly- 
sis, the appearance of the clear margin of 
cytoplasm, and the vacuolization are being 
made 

Pyknosis of some cells is seen in the early 
members of the series and becomes more 
marked m those killed later Neuronophagia 
is not observed where less than 24 hours 
had elapsed following irradiation It is se- 
vere m all of the later instances 

There is a parallelism between the cellular 
pathology described above and the observed 
symptomatic behavior of the animals Those 
receiving the heavy doses were observed to 
be apathetic, somnolent, and even prostrate 
immediately thereafter All showed dyspnea 
and slight or marked exophthalmos Rapid 
clearing up of these conditions followed the 
termination of the irradiation In one-half 
hour marked improvement was seen and 12 
hours later the survivors showed only slight 
signs Conjunctivitis developed during the 
first 12 hours and lasted as long as 3 or 4 
days Hyperexcitabihty and excessive saliva- 
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ported in the foregoing paper 2 For 
histological methods and experimental condi- 
tions reference may be made to that paper 
The trigeminal ganglia of 20 irradiated 
animals, nhich had received single doses of 
1000-4000 Roentgen units to the head were 
examined to determine the changes m Xissl 
pattern as a result of irradiation In the 
second series of rabbits, animals 447-452, 
which had received 3000 Roentgen units, 100 
successive cells from each ganglion Mere 
counted and classified into the groups de- 
scribed below Although all the neurons nere 
observed to undergo comparable changes, be- 
cause of the difficulty of evaluating severity 
of chromatolysis m small cells, counts were 
made only of cells 33 p in diameter or larger 

The establishment of a chromatoly tic index 
for the sensory cells of the trigeminal ganglion 
required the separation of the following stages 

B — Pyknosis The cell is shrunken, angular 
m shape, so darkly staining as to obscure 
the condition of the nucleus and cell con- 
tents 

A — Hyperchromatism The cell is round, 
the Xissl particles larger, more heavily stain- 
ing than normal This stage is illustrated 
in Fig la 

X — Xormal The cell is round The Xissl 
particles may vary widely in size from cell 
to cell but are always discrete and are uniform 

1 C imjiViell B and Novick R , Proc Soc Exp 
Biol and Med 1046, Cl 423 

2 Campbell, B , Peterson, S C , and Xovick, R 
Proc ^oc Exp Biol axd Med, 1046, 61, 353 


m size within any specific cell Fig lb 

1 — Mild chromatolysis The Xissl particles 
are dustlike in some parts of the cell but 
the normal pattern may still be observed in 
the perinuclear region Fig lc 

2 — Severe chromatoh'sis The Xissl par- 
ticles are dustlike throughout the cell In 
some cases the nucleus is displaced to a 
peripheral position and only a dark margin 
of blue-staining material is visible Fig Id 

A series of polygons illustrating the con- 
ditions existing m each rabbit of the second 
series clarifies the nature of the response of 
trigeminal cells Fig 2 The reaction of 
these cells may' be classified into 3 distinct 
phases of injury Initially', severe and exten- 
sive chromatoh'sis immediately' follows ir- 
radiation 89-94% of the ganglion cells 
are completely chromatolyzed Xot a nor- 
mal cell may' be found in the ganglion 
This condition was observed m all series 
As soon as exposure to irradiation is ended, 
how’ever, a period of recovery sets in, so that 
as early' as 3 hours after the end of the 
irradiation period, marked improvement can 
be noted, and by' the end of IS hours the 
ganglion cells have returned to an apparent- 
ly normal condition At 43 hours the be- 
ginning of a second wave of chromatolysis 
is clearly observable The number of 
chromatolyzed cells and the seventy of 
chromatolysis increases steadily until S2% 
of the large ganglion cells are affected at 
13 days The second chromatoly tic wave 
is sharplv separable from that occurring dur- 
ing the irradiation period First, the onset 
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ported in the foregoing paper 2 For 
histological methods and experimental condi- 
tions reference may be made to that paper 
The trigeminal ganglia of 20 irradiated 
animals which had received single doses of 
1000-4000 Roentgen units to the head were 
examined to determine the changes in Xissl 
pattern as a result of irradiation In the 
second series of rabbits, animals 447-452, 
which had received 3000 Roentgen units, 100 
successive cells from each ganglion were 
counted and classified into the groups de- 
scribed below Although all the neurons were 
observed to undergo comparable changes, be- 
cause of the difficulty of evaluating severity 
of chromatolysis m small cells, counts were 
made only of cells 33 p in diameter or larger 
The establishment of a chromatoh tic index 
for the sensory cells of the trigeminal ganglion 
required the separation of the following stages 
B — Pyknosis The cell is shrunken, angular 
m shape, so darkly staining as to obscure 
the condition of the nucleus and cell con- 
tents 

A — Hyperchromatism The cell is round, 
the Xissl particles larger, more heavily stain- 
ing than normal This stage is illustrated 
in Fig la 

X — Xormal The cell is round The Xissl 
particles may vary' widely in size from cell 
to cell but are always discrete and are uniform 

iCimi'liell B ind Xonek R , Ppoc “3oc Exp 
Bioi AND Med 1G4G, 01, 425 

- Campbell B, Peterson, S C , and Xovick, It , 
Proc *-oc Exp Biol and Med 104G, 01, 353 
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omits of irr idiated ganglia 

m size within any specific cell Fig lb 

1 — Mild chromatolysis The Xissl particles 
are dusthke in some parts of the cell but 
the normal pattern may still be observed in 
the perinuclear region Fig 1c 

2 — Severe chromatolysis The Xissl par- 
ticles are dustlike throughout the cell In 
some cases the nucleus is displaced to a 
peripheral position and only a dark margin 
of blue-staining material is visible Fig Id 

A series of polygons illustrating the con- 
ditions existing m each rabbit of the second 
series clarifies the nature of the response of 
trigeminal cells Fig 2 The reaction of 
these cells may be classified into 3 distinct 
phases of injury Initially, severe and exten- 
sive chromatolysis immediately follows ir- 
radiation 89-94% of the ganglion cells 
are completely' chromatoh'zed Xot a nor- 
mal cell may be found in the ganglion 
This condition was observed in all series 
As soon as exposure to irradiation is ended, 
however, a period of recovery' sets in, so that 
as early as 3 hours after the end of the 
irradiation period, marked improvement can 
be noted, and by' the end of IS hours the 
ganglion cells have returned to an apparent- 
ly' normal condition At 43 hours the be- 
ginning of a second wave of chromatolysis 
is clearly observable The number of 
chromatolvzed cells and the severity of 
chromatolysis increases steadily until 82% 
of the large ganglion cells are affected at 
13 day's The second chromatoh tic wave 
is sharply' separable from that occurring dur- 
ing the irradiation period First, the onset 
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is delajed until 43 hours after irradiation, 
and is preceded by a normal condition 
Second, the onset is not simultaneous in each 
cell of the ganglion The chromatolysis hav- 
ing once begun, progresses slowly Initially 
it usually appears at a point halfway be- 
tween the nucleus and the cell membrane 
and gradually spreads both centrally and 
peripherally, eventually involving the entire 
cell body Some cells are so severely affected 
that their nuclei are displaced to a peripheral 
position and the NissI substance entirely dis- 
appears, leaving only a blue-staining border, 
Fig le Neuronophagia of dead ganglion 
cells may be observed m animals surviving 
for as long as 13 days The second wave 
of chromatolysis is sufficiently persistent as 
to be discernible even after as long as 69 
days 

The parallelism between the condition of 
the trigeminal ganglion cells and the clinical 
picture presented by the rabbits is marked 
At the end of the exposure the cells were 
severely damaged At this time the rabbits 
appeared acutely ill, displaying dyspnea, 
exophthalmos, somnolence and postural ab- 
normalities They improved very rapidly, 
however, and after 12 hours seemed almost 
normal Simultaneously, the cells underwent 


rapid recovery The second chromatolytic 
wave was paralleled by a second phase of 
illness in the animals They became emaciat- 
ed and salivated excessively 

Discussion In an investigation of radia- 
tion effects on the dorsal root ganglia of 
rats, 3 Ma and Hsu concluded that the 
effects of Roentgen rays were indirect 
only, and that the pathological condi- 
tion of these cells was caused by a dis- 
turbance in the nutrition of the cells as a 
result of vascular injury The rapid onset 
of severe pathology in the trigeminal cells 
following irradiation indicates a direct rela- 
tionship This does not exclude the possibili- 
ty, however, that injury of the cell is re- 
sultant upon injury of its axon rather than 
of the cell body itself 

Conclusions Ex-posure of trigeminal 
ganglion cells to roentgen rays has been found 
to produce injury w’hich may be separable 
into 3 phases 

1 Rapid phase of acute chroma tolysis im- 
mediately following irradiation 

2 Recovery period 

3 Phase of the widely variable, slowly 
progressing spectrum of chronic chromatolysis 

3 Ma, W C, and Chien Liang Hsu, Am J 
Cancer, 1940, 40, 335 
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From the Division of Physiological Chemistry, Umvasity of Minnesota, Minneapolis, Minn 


Paralysis of an extremity beginning at an 
early age frequently results m disturbances 
of bone growth A bone of the affected 
extremity may be shorter than that of the 
normal limb and, as demonstrated by the 
roentgenogram, its diameter and the thickness 
of its cortex and trabeculae may be reduced 
Pottorf 1 and Howell, 2 each of whom used 


* This wort was supported bj a grant from the 
isiali Mac), Jr, Foundation 
: Pottoif, J L, Anal Sec, 1916, 10,-34 
2 Howell, J A , Anat Sec , 1917, 13, -33 


one young dog as an experimental subject, 
investigated the changes occurring in the 
dimensions and structure of the bones of the 
forehmb after section of unspecified nerves 
of the brachial plexus Howell’s animal was 
allowed to live 19 weeks after paralysis of 
the right forehmb was prodnc&d and he found 
that the humerus and ulna of that limb were 
approximately 5 fo shorter than those of the 
normal limb However, the diameter of the 
humerus of the paralyzed limb was much 
less than that of the normal hmb and ap- 
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Weeks after section of nerves, right brachial plexus 

Fig 1 

Bone growth in norm'll and paralyzed limbs of the rat 


peared to have suffered an actual decrease 
m diameter Howell interpreted his observa- 
tions to indicate that mechanical factors of 
stress and strain have a pronounced effect 
on the growth of bone, but are not the sole 
factors in the regulation of bone growth 
kile.v, McClearj and Johnson 3 found the 
uptake of radioactive phosphorus by the bone 
ash of the humeri of normal and paralyzed 
limbs of rats, weighing between 150-200 g, 
to be equal and produced evidence to in- 
dicate that the humeri of the paralyzed limbs 
continued to gam m mass but at a rate 
slower than the normal Allison and Brooks, 4 
using roentgenographic and histologic tech- 
nics, noted the gross and minute changes m 

3 Rilex, F R , yieCteirv, B , and Johnson, R E , 
Jm J Physiol , 1945, 143, 677 
i Allison, H , and Brooks B , Surg , Gyn , and 
Obsl 1921, 33, 250 


the atrophic bones of the forelimbs of dogs 
in which parahsis was produced by section 
of nerves after the animals were mature 
Armstrong, Knowlton and Gouze 3 deter- 
mined the degree of atrophy which occurred 
m the humeri of mature rats following 21 
days of brachial plexus paralysis and in- 
vestigated the effect of certain steroid 
hormones on the composition and amount of 
bone in the humeri of the normal and para- 
lj zed limbs 

In the present study, the length of the 
bones of the forelimbs was determined at 
intervals of time in rats m which paralysis 
of one arm was produced at an early age 
and the animals allowed to live to maturity 
The initial and final diameters of the humeri 
were measured and data were collected to 

3 Armstrong, XV X) , Knowlton, J , and Gome, 
Jr , Endocrinology, 1945, 36, 313 
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is delayed until 43 hours after irradiation, 
and is preceded by a normal condition 
Second, the onset is not simultaneous in each 
cell of the ganglion The chromatolysis hav- 
ing once begun, progresses slowly Initially 
it usually appears at a point halfway be- 
tween the nucleus and the cell membrane 
and gradually spreads both centrally and 
peripherally, eventually involving the entire 
cell body Some cells are so severely affected 
that their nuclei are displaced to a peripheral 
position and the Nissl substance entirely dis- 
appears, leaving only a blue-staining border, 
Fig le Afeuronophagia of dead ganglion 
cells may be observed in animals surviving 
for as long as 13 days The second wave 
of chromatolysis is sufficiently persistent as 
to be discernible even after as long as 69 
days 

The parallelism between the condition of 
the trigeminal ganglion cells and the clinical 
picture presented by the rabbits is marked 
At the end of the exposure the cells were 
severely damaged At this time the rabbits 
appeared acutely ill, displaying dyspnea, 
exophthalmos, somnolence and postural ab- 
normalities They improved very rapidly, 
however, and after 12 hours seemed almost 
normal Simultaneously, the cells underwent 


rapid recovery The second chromatolytic 
wave was paralleled by a second phase of 
illness in the animals They became emaciat- 
ed and salivated excessively 

Discussion In an investigation of radia- 
tion effects on the dorsal root ganglia of 
rats, 3 Ma and Hsu concluded that the 
effects of Roentgen rays were indirect 
only, and that the pathological condi- 
tion of these cells was caused by a dis- 
turbance m the nutrition of the cells as a 
result of vascular injury The rapid onset 
of severe pathology m the trigeminal cells 
following irradiation indicates a direct rela- 
tionship This does not exclude the possibili- 
ty, however, that injury of the cell is re- 
sultant upon injury of its axon rather than 
of the cell body itself 

Conclusions Exposure of trigeminal 
ganglion cells to roentgen rays has been found 
to produce injury which may be separable 
into 3 phases 

1 Rapid phase of acute chromatolysis im- 
mediately following irradiation 

2 Recovery period 

3 Phase of the widely variable, slowly 
progressing spectrum of chronic chromatolysis 

3 JIa, W C , and Chien Liang Hsu Am J 
Cancer, 1040, 40 , 335 
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Paralysis of an extremity beginning at an 
early age frequently results in disturbances 
of bone growth A bone of the affected 
extremity may be shorter than that of the 
normal limb and, as demonstrated by the 
roentgenogram, its diameter and the thickness 
of its cortex and trabeculae may be reduced 
Pottorf 1 and Howell, 2 each of whom used 
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one young dog as an experimental subject, 
investigated the changes occurring in the 
dimensions and structure of the bones of the 
forelimb after section of unspecified nerves 
of the brachial plexus Howell’s animal was 
allowed to live 19 weeks after paralysis of 
the right forelimb was produced and he found 
that the humerus and ulna of that limb were 
approximately 5% shorter than those of the 
normal limb However, the diameter of the 
humerus of the paralyzed limb was much 
less than that of the normal limb and ap- 
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+1 05 

±:I 37 

Difference (%) 

23 3 


2S4 



317 


* Tilt data ire reported os meins + the standard eiror 
t Initial diameter of shaft 1 ^1 ± 0 037 mm 
1 Initi il diameter of head 4 32 + 0 042 mm 


same limbs This finding may be due to 
the possibility that a more complete denerva- 
tion of the muscles moving the forearm was 
obtained than of those having an action 
directly, or indirectly through the scapula, on 
the upper arm In this connection, it is 
to be noted in Table I that the forearm 
bones of the paralyzed limbs exhibited a 
greater difference of dry, fat-free weight and 
of ash weight from the corresponding normal 
bones than was the case with the humeri 

It will be seen that while the mean final 
length of the humeri of the paralyzed limbs 
was slightly (1 7%) less than that of the 
normal limbs, the diameters of the shafts 
and head of these bones were very much 
less than those of the normal humeri Al- 
though appositional growth was reduced more 
than epiphyseal growth, the first process w'as 
not prevented as is seen by a comparison of 
the initial and final diameters of the shaft 
and head of the humeri The consistently 
lower ash content of the bones of the para- 
lyzed limbs is in agreement with the results 
of experiments in which the paralysis of one 

5 The direetlv determined diameters of the mid 
point of the humeri measured m a plane per 
pendieul ir to that of the deltoid tubercle rad at 
a right angle to the dimension me isurcd from 
the films uere Humeri of normal limbs, 
2 20 + 0 03S mm and humeri of parali zed limbs, 
1 73 + 0 071 mm 


arm was produced m mature animals” 

It will be noted in Fig 1 that the rate of 
growth of the humen of both limbs was very 
greatly reduced at the end of the experiment 
when the animals were 132 days old This 
finding indicates that these bones had 
reached or very nearly reached, their maxi- 
mum length, a conclusion which is strength- 
ened by the fact that the final roentgeno- 
grams showed that the heads of the humeri 
had practically complete bony union with 
the shafts The curves showing the rate of 
growth of the radii however, indicate that 
the bones were still growing at the end of 
the experiment As mentioned above, the 
distal epiphyses of the radii and ulnae were 
found to lack bony union to the shaft when 
the animals were sacrificed These findings 
indicate that skeletal growth m the rat has 
not ceased in animals with a body weight 
which is usually considered to be that of a 
mature animal 

Summary Fifteen weeks after the fore- 
limbs of young rats were denervated, it was 
found (1) The growth m length of the radii 
was affected earlier and to a greater degree 
than that of the humerus (2) The reduction 
of growth in diameter of the humeri was 
greater than the reduction of growth in 
length (3) Growth m diameter of the bones 
was reduced but not prevented (4) The 
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demonstrate the differences in amount of bone 
and of bone ash in the skeleton of the nor- 
mal limbs 

Expenmen tal Eight male rats of the 

Sprague-Dawley strain, when 27 days of age 
and with an average weight of 53 9 ± 0 91 g, 
were subjected to an operation in which cer- 
tain nerves were severed in order to produce 
paralysis of the right forehmb The animals 
were anesthetized by the intraperitoneal in- 
jection of 50 mg sodium pentobarbital per 
kilo of body weight and, using aseptic tech- 
nic, the following nerves of the right brachial 
plexus were severed at the axillary level 
median, ulnar, radial, axillary, musculocuta- 
neous, subscapular, thoracodorsal and 
suprascapular 0 The animals were fed ad 
libitum for 15 weeks on a diet of 60% sucrose, 
16 9% hydrogenated vegetable fat (Cnsco), 
18% lactalbumin (Borden’s No 15-42), 4% 
salt mixture (Wesson’s), 1% liver extract 
(Wilson’s Fraction D) and 0 1% choline 
hydrochloride In addition, certain crystal- 
line compounds of the vitamin B group were 
incorporated in the diet! and the animals 
were given twuce xveekly 2 drops of a con- 
centrate of vitamins A and D The incisor 
teeth were kept cut to about half normal 
length to prevent the animals from chewing 
the paralyzed extremity 

At intervals of time, beginning with the 
day of operation, as indicated in Fig 1, the 
animals were anesthetized by the intra- 
pentoneal injection of sodium pentobarbital 
and roentgenograms of both forehmbs were 
prepared The extended limb, with the ani- 
mal lying on its side, w'as held flat against 
the cardboard film holder and a target-to- 
film distance of 65 cm w'as used The 
greatest length of the shadows of the humeri 
and of the radu were measured on the de- 
veloped films, using a pair of finely pointed 
dividers and an accurately engraved ruler t 

(AJi cone, E C, Trans Am Plnol Soc , X S, 
1935, 27, 1 

\ p er 100 g of diet 200 a g thi mune hjdro 
ehloude, 200 ;i.g riboflavin, 200 T» "doM.it 
in drochloridc, 400 fig c dcium pantothenate 

} Comparison of the directl) measuied length 
of the humeri of the normal limbs with the length 
of the shadows of these bones on the roentgeno 


These measurements were recorded to (he 
nearest 0 25 mm The diameters of the 
shadows of the humeri at the midpoint of 
the shaft (in the plane of the deltoid tubercle) 
and of the proximal epiphysis (head) of the 
same bones were measured on the initial and 
final films These latter measurements were 
made with a vernier caliper which was 
read to the nearest 0 1 mm All meas- 
urements of length or diameter were 
made by 2 observers working independently 
When the results obtained by the 2 observers 
pertaining to a particular dimension were 
not identical, the measurements were repeated 
until agreement was reached 
The animals were sacrificed 15 weeks after 
the operation The forehmbs were removed 
and the bones of the arms and forearms were 
cleaned of soft tissue after prolonged boiling 
in distilled w'ater The distal epiphyses of 
the radii and ulnae, which were small, were 
unumted to the shaft and were lost m clean- 
ing the bones The bones were dried and 
extracted for 48 hours with an equal part 
mixture of alcohol and ether in a Soxhlet 
apparatus After the bones were redried and 
weighed, they w'ere ashed in platinum dishes 
at 700° to constant weight 
Results and Discussion The mean w r eight 
of the animals when sacrificed was 296 1 = 
10 2 g Fig 1 summarizes the results as 
to the rate of increase of body weight and 
of growth in length of the humeri and radii 
The data referring to dimensions of the bones 
given in Table I are the mean results of 
measurements made from the final roentgeno- 
grams As seen from Fig 1, the growth 
in length of the radii of the paralyzed limbs 
was affected earlier and to a greater degree 
than w'as the case with the humeri of the 

grams nude on the dij tlie animate were sicri 
iiced showed tint the shidows were, on an nor 
igt, 1 2% longer til in the true length of the bone;. 
This exaggeration of the length of bone due to 
diveigence of the A rav beam probably repre 
sents the largest error, due to this factor, imong 
the measurements made from the X raj films 
The effect of divergence of the X rat beam on 
the length of the shadows of tilt bones would 
be reduced in the case of the films made when 
the bones were shorter 
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TABLE I 

Semi Inoculations m Alice in Preeancerous Period C3H Tumor to ZBC Mice Without 

Milk Factor 


Semi 

passage 

Interi il 
between 
xnocula 
tions 
(dais) 

Alice 

iniectcd 

Alice 

held 

No of 
tumors 

Time of 
appearance 
of last 
tumor 
(mo ) 

Progenv 

produced 

No of 
tumors 

Time of 
•appearance 
of last 
tumor 
(mo ) 

Original 

— 

30 

15 

15 

10 

34 

29 

82 

1st 

72 

30 

15 

ii 

7 5 

30 

29 

SO 

2nd 

53 

30 

15 

6 

7 5 

24 

0 

* 

3rd 

no 

30 

15 

0 

•* 

2G 

0 

* 

4th 

71 

30 

15 

0 

¥■ 

19 

0 

* 


* Period of observation 7 to 12 months 


0 25 g The appearance of tumors in the 
inoculated mice and in the first-litter progeny 
of those used for transmission material is 
shown with other pertinent data in Table I 
In the first group of mice all 15 females, 
which received the original mammary tumor 
filtrate developed tumors, 29 of the 34 
progeny that did not receive the miection 
also developed tumors The appearance of 
tumors in these 2 groups m 10 months and 
8 2 months, respectively demonstrates the 
high susceptibility of the hybrid ZBC mice 
to the virus as isolated from the tumor The 
number of tumors in the inoculated female 
mice dropped to 11 after the first transfer 
from lactatmg mammarv glands, and to 6 m 
the second transfer, w ith no tumors appearing 
m later generations It seems of some sig- 
nificance that although few tumors developed 
m the first and second generations, the time 
of their appearance was considerably shorter 
than m the original group and shorter than 
might be expected if the tumors had been 
spontaneous ones appearing m mice that 
nursed naturally infected females This fact, 


together with the appearance of early de- 
x eloping tumors and then a sudden disappear- 
ance of tumor formation m the progeny of 
the second generation, makes it seem that 
a relationship may exist between the earlier 
development and the decline m the number 
of tumors 

The procedure followed in these experiments 
seems to differ from natural transmission 
principally in the manner of introduction of 
the milk agent, m the delay of a few weeks 
in transfer, and possibly in the dosage, both 
as to size and repetition It is not clear at 
this time whether the disappearance of tumor 
formation is related to the fact that a hybrid 
strain of mice was used, to a loss or a modi- 
fication of the virus itself, or to a change in 
immunologic relationships 

Summary In serial passage of the milk 
agent, or virus, through highly susceptible 
ZBC hybrid mice by the intraperitoneal in- 
jection of mammary gland filtrates, the num- 
ber of tumors declined m the first and second 
passages, and no tumors developed in the 
third and fourth passages 
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quantity of bone and of bone salt was re- 
duced by about 25% (5) The humeri, but 

not the radii, of both the normal and paralyzed 
limbs of rats 132 days of age, had practically 
ceased to grow in length 


It is concluded that paralysis of a limb 
interferes more with appositional growth of 
bones than wuth epiphyseal growth and that 
bone grow th is not prevented m a denervated 
limb 
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Serial Transmission of the Milk Agent of Mouse Mammary Carcinoma* 
Robert G Green, Marye M Mqosey, and John J Bittner 

From the Department of Bacteriology and Immunology, and the Division of Cancer Biology of 


the Department of Physiology, University 

In a colony of inbred mice bearing breast 
tumors, the milk agent, 1 or virus, 2 is trans- 
mitted from mother to daughter by nursing 
Mammary tumors indicating the presence of 
the milk agent do not appear in the mother 
until after the milk agent has been trans- 
mitted to the young Thus, the milk agent 
m perpetuation is passed serially by nursing 
during the precancerous stage 

We have attempted, by artificial injection, 
to pass the milk agent of mouse mammary 
carcinoma through a series of susceptible 
mice m a manner similar to the usual mode 
of transmission in the precancerous stage 
There was a decline of the tumor formation 
in the second passage and entire disappear- 
ance of tumors in the third passage The mice 
inoculated in series were of the ZBC strain, 
a hybrid susceptible to the milk agent but 
not infected with it 

The sefial inoculation was begun with a 
filtrate of spontaneous tumor from C3H mice 
For the serial transmission of the agent, or 
virus, through the ZBC mice, filtrates of 
lactatmg mammary tissue were used as the 
mocuiant The general procedure was to 

♦Tins iiw estigation Ins been aided bi giants 
from the Jane Coffin Cbitds Memorial Fund for 
Medical Research, the Cancer Research Fund of 
the Graduate School of the University of Mm 
nesota, and the Citizens Aid Society of Mm 
ne ipobs 

x Bittner, J J , Science, 1336, 84, 1G„ 

2 Green, R G , Moosey, M M , and Bittner, J J , 
Ppoc Soc Enp Biol and Med , 1946, 115 


of Minnesota Medical School, Minneapolis 

inoculate 30 mice in each generation, 15 of 
which we then held indefinitely and force- 
bred m order to induce maximum production 
of cancer After allowing the other 15 inocu- 
lated mice to raise one litter, we killed them 
to obtain lactatmg mammary tissue to be 
used for inoculation of the ne\t 30 mice m 
series Females of the litters so produced 
were also force-bred for observations on can- 
cer production 

In preparing the inoculant for the original 
group of 30 ZBC mice, 15 g of spontaneous 
tumor from C3H mice was ground with a 
mortar and pestle and suspended in 25 cc 
of 0 9% saline solution The suspension w’as 
centrifuged 10 minutes at 2000 rpm so that 
the coarsely ground residue was removed 
The supernatant fluid was then filtered 
through a tested Berkefeld filter, and the 
filtrate was injected into ZBC mice one month 
of age Each mouse received by intra- 
pentoneal inoculation a dose of 0 5 cc of 
filtrate, or the equivalent of 0 5 g of cancer 
tissue For all subsequent inoculations, lac- 
tating glands obtained from female mice after 
birth of their first litter, were ground, 
centrifuged, filtered and injected in similar 
manner The dosage, however, varied some- 
what in each generation In the first transfer 
generation m ZBC mice, the dose of filtrate 
for each animal was the equivalent of 0 25 g 
lactatmg mammary tissue In the second 
generation, the dose of filtrate was equivalent 
to 0 33 g of mammary tissue and m the third 
and subsequent generations, equivalent to 
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Metabolism of Nicotinamide, Nicotinic Acid and Diethylamide of Nicotinic 
Acid (Goramine) by Newborn and Premature Infants 

R A Coulson AND C A Stewart (Introduced by F G Brazda ) 

From the Departments of Biochemistry and Pediatrics, Louisiana Stale Uimcrstly School of 
Medicine, and The Chanty Hospital of Louisiana, Xcw Oilcans 


Najjar and Wood 1 reported the discovery 
of a compound m normal urine which is 
rendered fluorescent by the addition of al- 
kali and butanol Subsequent investigators 2 3 
have indicated that this substance is nico- 
tinamide methochloride (N 1 methyl nico- 
tinamide) and have demonstrated that its 
excretion is augmented by the ingestion of 
nicotinamide, nicotinic acid and corannne 
Elhnger and Coulson 4 studied the relative 
rate of elimination of nicotinamide metho- 
chloride following administration of these 
compounds to normal adults and concluded 
that nicotinamide is directly methylated 
whereas coramme and nicotinic acid are first 
converted to nicotinamide and are then 
methylated 

Since practically nothing is known relative 
to the metabolism of nicotinic acid and its 
derivatives by newborn and premature in- 
fants the present study was undertaken The 
living conditions diet, etc , of the young 
patients are well standardized and consequent- 
ly this study was conducted under experi- 
mental conditions which were distinctly more 
uniform than those which prevailed in the 
investigations which have been made on 
adults 

Exfci mental Studies on Nonnal Newborn 
Infants Colored newborn male infants were 
selected for the first experiment These babies 
were considered full term on the basis of 
their general appearance and their birth 
weights, which averaged 7 1 lb (S 2-9 8 lb ) 

1 N-,;i 3 ar, V A, and Wood, R W, Pkoc Soc 
Exp Biol and Med , 1940, 44, 3S6 

2 Huff, J W, and Perlzweig, W A, Science, 

1943, 9", 538 

3 Ellinger, P , and Coulson, R A , Nature, 1943, 

152 , 383 , 

4 Ellinger, P, and Coulson, B A, Biochcm J, 

1944, 38, 265 


The infants were maintained under the or- 
dinary conditions which prevail in a hospital 
ward where aseptic nursing is practiced The 
babies received sterile w T ater the first day of 
life and from 4 to 8 ounces of a sterile formula 
consisting of 14 evaporated milk, $4 water 
and 5% karo corn syrup the second daj Sub- 
sequently the food intake gradually increased 
to a maximum of 24 ounces of the formula 
per 24 hours by the eighth day Twentj- 
four-hour urine specimens were obtained* by 
fastening a rubber tube over the penis with 
adhesive tape and collecting the urine m a 
loosely stoppered bottle w'hich contained 5 ml 
of glacial acetic acid as a preservative At 
the close of each 24-hour period the lower 
abdomen was depressed manually to force as 
much of the residual urme as possible from 
the bladder Nicotinamide, nicotinic acid or 
coramme was given by mouth at 8 am to 
some of the infants whereas other babies who 
received no medication served as controls 
The urinary methochloride was determined 
by the method of Coulson, ct at 5 which in- 
volves the adsorption of the methochloride 
on Decalso, elution with KCI and the sub- 
sequent development of fluorescence bv alka- 
line isobutanol 

After experimenting with a number of 
nicotinamide “saturation” tests m adults El- 
hnger and Benesch® adopted the total 24- 
hour output of nicotinamide methochloride 
follow'ing a single oral test dose of 100 mg 
of nicotinamide as perhaps the most reliable 
index of the nutritional level with respect to 

* We are indebted to Miss Hazel Pierce and 
Miss Tallulah Moore for aid in the collection of 
urine samples 

s Coulson, E A Ellinger, P, and Holden, M, 
Biochcm J , 1944, 38, 150 

6 Ellinger P, and Benesch, R, Lancet, 1945, 

2, 197 
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data from the remaining S infants included 
in the study are incomplete On the first 
da\ of the experiment the axerage age and 
weight of these infants was 11 days and 
4 2 (3 2-5 0) lb , respectively The quantity 
of food these infants received xaried accord- 
ing to age and body xx eight but in only one 
instance did the coxx s nnlh consumption ex- 
ceed 250 cc in 24 hours It is apparent 
that the diet furnished them xxith less than 
a milligram of nicotinamide a day 
The results of the estimation of the metho- 
chlonde elimination by the premature infants 
appear m Table I B The axerage xalue for 
the first day of the stud} (11th day of life) 
xx as distinctly loxxer than that for the 23 
nexxborn full term control infants Through- 
out the period of stud} the increase in the 
excretion of nicotinamide methochloride fol- 
lowing the administration of nicotinamide to 
the premature infants also averaged con- 
sistently below that observed m the full term 
infants given equal doses of the compound 
Although one premature eliminated 236 6 mg 
of the methochloride after a total intake of 
200 mg of nicotinamide this xxas the onlv 
case where the excretion over the 3-da} period 
exceeded 71 9 mg the average total excretion 
for the entire group (Table IB) In spite 
of the fact that as compared with premature 
infants the absolute excretion was much 
greater m the case of the normal nexvborn 
infants the relative per cent of the 3-dav total 
excreted each day xvas nearly the same m 
both normal infants and prematures No 
correlation was found betxveen the total 
methochloride elimination and the daily urine 
volumes The average urine volume of the 
prematures was 85 4 ml/24 hours and that 
of the newborn full term infants 91 6 ml on 
the days of the experiment 

Effect of Methionine on Nicotinamide 
Methochloride Elimination The role of 
methionine in methylation has been studied 
by Perlzxveig ct al s xvho have presented exu- 
dence that this substance is involved m the 
methylation of nicotinamide We recognized 
the possibility that the loxv values for mco- 

sPerlzweig, XV A, Bernheim, M L C, rad 
Bernliemi, F , J Biot Cliem , 1943, ISO, 401 


T VBLB IT 

The 24 Hour Nicotinnmde Methochloride Output 
of Newborn Intuits Following One Dose of 100 mg 
of Xicotmmuile md 0 0 g Methionine 


ClEO 

24 hr 
urine x ol 

Nicotinamide 
nietlioeblorule 
output m mg/24 hr 

M B 

125 

37 5 

B K 

205 

2S7 

O S 

S4 

05 5 

M T 

ns 

4S4 

L D 

15G 

27 3 

L T 

S7 

15 2 

M C 

00 

24 S 

11 F 

3S 

Vx g 112 9 ml 

114 

Axg32 4mg 


tinamide methochloride excretion obtained for 
some of our infants might be due to a de- 
ficient in their bod} store of methionine 
rather than in the inherited store of nico- 
tinamide Consequentlx 8 infants were gixen 
03 g each of methionine 20 hours before the 
experiment started and an additional 03 g 
at the time the 100 mg dose of nicotinamide 
xxas administered The results xxhich appear 
in Table II show an ax'erage 24-hour excre- 
tion of 32 4 mg of nicotinamide methochloride 
Since this value does not differ significantly 
from that obserxed for the 15 infants who 
received 100 mg of nicotinamide but no 
methionine (Table I A) it appears that m 
the quantity gix’en methionine had no ap- 
preciable effect on the excretion of nico- 
tinamide methochloride It is possible that 
larger doses of methionine administered ox r er 
a longer period might yield different results 
The Metabolism o J Coramtnc The slow 
and relativeh incomplete conversion of 
coramine to what is apparently nicotinamide 
methochloride leads us to suspect that 
coramme might be eliminated, at least m 
part, as coramme methochloride To test 
this hypothesis coramme methochloride xxas 
synthesized by the methylation of coramme 
m methanol by methyl iodide, and the sub- 
sequent conversion of the iodide to the chloride 
by the action of silver chloride Coramine 
methochloride proved to be non-fluorescent 
m the filtered 366 mu line from a quartz 
mercury vapor lamp The addition of NaOH 
and isobutanol converts coramme metho- 
chloride into a fluorescent derivative, the 
hue of which is indistinguishable from that 
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this item The present authors applied this 
test to 24 full term newborn infants for the 
first or preliminary experiment These in- 
fants whose records do not appear m the 
tables eliminated an average of 36 7 mg (11 5- 
95 0 mg) of the methochlonde in the 24-hour 
period w'hich immediately followed the oral 
administration of the single test dose This 
excretion was more than 10 times that elim- 
inated per 24 hours by control infants (Table 
I A) who did not receive nicotinamide and 
who served as normal controls for later studies 

It w'as our opinion that the relative degree 
of “saturation” might better be determined 
by analysis of the 24-hour urine samples fol- 
lowing 2 successive doses given 24 hours 
apart Consequently additional experiments 
were conducted on infants w'ho received either 
100 mg of nicotinamide or nicotinic acid or 
doses of coramine which on the basis of its 
molecular weight were equivalent to 100 mg 
of nicotinamide These compounds were ad- 
ministered on each of the first 2 days of 
life On the following day, during which no 
medication was administered, a third urine 
sample was collected and its methochlonde 
content w’as also determined The daily 
urinary titers of nicotinamide methochlonde 
excreted by these cases as w r ell as by the 
controls who received no medication appear 
m Table I A 

The total nicotinamide content of the small 
quantity of formula the infants consumed 
probably was negligible if we are to accept 
the values Cheldehn and Williams" obtained 
for the nicotinamide content of cow’s milk 
Apparently the intestinal flora or the tissue 
stores were the chief sources of nicotinamide 
for these infants until it was administered 
orally 

The 23 control infants eliminated an aver- 
age of 3 2 mg of the methochlonde during 
the first day of life (Table I A) This 
average is distinctly lower than those ob- 
served for the first 24-hour period following 
the administration of nicotinamide, nicotinic 
acid or coramine The data m Table I A 
indicate that nicotinamide has a greater nn- 

mtntwn, 1943, 26, 417 


mediate influence on elevating the metho- 
chlonde output than nicotinic acid and that 
nicotinic acid is considerably more effectne 
in this respect than coramine These ob- 
servations for infants are in essential agree- 
ment with the findings of Coulson and El- 
hnger 4 as to the relative influence of these 
compounds on the elimination of the metho- 
chlonde m adults 

For each of the experimental groups the 
output of nicotinamide methochlonde was 
significantly higher on the second day of 
medication than on the first day On the 
third day during which no medication was 
given the urinary titer decreased considerably 
for the full term infants who had received 
nicotinamide or nicotinic acid but increased 
significantly for the group to which coramine 
w r as administered Our results also show that 
with respect to their effect on the elimination 
of nicotinamide methochlonde the relative 
positions of these 3 compounds remained 
unchanged throughout the 3-day period of 
observation covered by this study 

It w'ould seem that like the adult, the 
newborn infants are able to methylate the 
preformed nicotinamide with relative ease and 
rapidly whereas they convert coramine slowly 
and somewhat less completely first to nico- 
tinamide and then to nicotinamide metho- 
chlonde Nicotinic acid occupies an inter- 
mediate position in this regard The ab- 
solute range of values for the methochlonde 
elimination w'as very great m the nicotinamide 
and nicotinic acid groups but varied within 
more narrow limits m the infants who re- 
ceived coramine 

P> ematnrc Injants Although special dif- 
ficulties attend experimental studies on pre- 
mature infants, nevertheless w'e obtained some 
information on their methochlonde elimina- 
tion before and following the administration 
of nicotinamide In each instance an at- 
tempt was made to collect 4 consecutive 24- 
hour urine specimens, the first without the 
administration of nicotinamide, the second 
and third following 2 daily doses of 100 mg 
each and the fourth without medication Com- 
plete observations were made m 7 cases 
(Table I B) but owing to vomiting and other 
disorders common to premature infants the 
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data from the remaining S infants included 
in the study are incomplete On the first 
day of the experiment the average age and 
xx eight of these infants was 11 dais and 
4 2 (3 2-5 0) lb , respectively The quantity 
of food these infants recened \aned accord- 
ing to age and body n eight but in only one 
instance did the con s nulh consumption ex- 
ceed 250 cc in 24 hours It is apparent 
that the diet furnished them mth less than 
a milligram of nicotinamide a day 
The results of the estimation of the metho- 
chlonde elimination by the premature infants 
appear in Table I B The axerage xalue for 
the first day of the study (11th day of life) 
was distinctly loner than that for the 23 
newborn full term control infants Through- 
out the period of studi the increase in the 
excretion of nicotinamide methochloride fol- 
lowing the administration of nicotinamide to 
the premature infants also averaged con- 
sistently below that obsen ed in the full term 
infants gnen equal doses of the compound 
Although one premature eliminated 236 6 mg 
of the methochloride after a total intake of 
200 mg of nicotinamide this was the only 
case where the excretion over the 3-day period 
exceeded 71 9 mg the aierage total excretion 
for the entire group (Table I B) In spite 
of the fact that as compared with premature 
infants the absolute excretion was much 
greater in the case of the normal newborn 
infants the relative per cent of the 3-day total 
excreted each day was nearly the same in 
both normal infants and prematures No 
correlation was found between the total 
methochloride elimination and the daily urine 
volumes The average urine xolume of the 
prematures was 85 4 ml/24 hours and that 
of the newborn full term infants 91 6 ml on 
the days of the experiment 

Efjcct oj Methionine on Nicotinamide 
Methochloride Elimination The role of 
methionine in methylation has been studied 
bi Perlzweig ct al 8 who have presented evi- 
dence that this substance is involved m the 
methylation of nicotinamide We recognized 
the possibility that the low values for mco- 

S Perlzweig, W A , Bemlieim, M L C , and 
Bernheim, F , T Bio} Chem , 1943, loO, 401 
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The 24 Hour Xicotimmide Methochloride Output 
of Newborn Inf mts Following One Dose of 100 mg 
of Nicotinamide and 0 6 g Methionine 
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tinamide methochloride excretion obtained for 
some of our infants might be due to a de- 
ficiency in their body store of methionine 
rather than m the inherited store of nico- 
tinamide Consequently S infants were gnen 
0 3 g each of methionine 20 hours before the 
experiment started and an additional 0 3 g 
at the time the 100 mg dose of nicotinamide 
was administered The results which appear 
in Table II show an aierage 24-hour excre- 
tion of 32 4 mg of nicotinamide methochloride 
Since this xalue does not differ significantly 
from that observed for the 15 infants who 
recened 100 mg of nicotinamide but no 
methionine (Table I A) it appears that m 
the quantity gnen methionine had no ap- 
preciable effect on the excretion of nico- 
tinamide methochloride It is possible that 
larger doses of methionine administered oxer 
a longer period might yneld different results. 

The Metabolism oj Coroutine The slow 
and relatively" incomplete conxersion of 
coramine to what is apparently" nicotinamide 
methochloride leads us to suspect that 
coramine might be eliminated, at least m 
part, as coramine methochloride To test 
this hypothesis coramine methochloride was 
synthesized by' the methylation of coramine 
in methanol by' methyl iodide, and the sub- 
sequent conversion of the iodide to the chloride 
by the action of silxer chloride Coramine 
methochloride proxed to be non-fluorescent 
m the filtered 366 mu line from a quartz 
mercury' vapor lamp The addition of NaOH 
and isobutanol converts coramine metho- 
chlonde into a fluorescent derivative, the 
hue of which is indistinguishable from that 
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developed from nicotinamide methochlonde by 
the same procedure Coramine methochlonde 
also resembles nicotinamide methochlonde m 
that it is adsorbed on Decalso, eluted with 
KC1 and as a consequence it may be esti- 
mated fluorometrically m the same manner 
as nicotinamide methochlonde Preliminary 
experiments have shown that the absolute 
intensity of the fluorescence of the derivative 
of coramine is, however, only about 12% of 
that developed from equivalent amounts of 
nicotinamide methochlonde 


In order to test the effect of coramine 
methochlonde on the fluorescence developed 
from the urine by the procedure of Coulson 
1 1 al ’ for the estimation of nicotinamide 
methochlonde an adult was given a single 
oral dose of 200 mg of coramine methochlor- 
ide No increase in fluorescence occurred 
As a further check 2 normal newborn in- 
fants were each given 200 mg of coramine 
methochlonde subcutaneously without in- 
creasing the total fluorescence developed from 
the urine by alhaline-isobutanol treatment 
It would appear that if coramine is methylat- 
ed m the human body and excreted as 
coramine methochlonde this does not occur 
to any appreciable extent It is more proba- 
ble that coramine is normally converted to 
nicotinamide which m turn is methylated and 
excreted 


Discusstou The nicotinamide produced by 
the intestinal flora is an important if not 
the chief source of this vitamin for the 
adult 8 10 Since, however, the average age 
of our newborn infants was less than 40 
hours at the conclusion of the first day of 
the experiment, it is doubtful that the in- 
testinal flora was sufficiently well established 
to provide them with any appreciable quanti- 
ty of nicotinamide Furthermore, since they 
received notmng but water for 24 hours and 
very small quantities of milk during the suc- 
ceeding 10 hours they derived very little of 
the vitamin from the diet Nevertheless, m 
spite of scant nicotinamide production in the 


a Elhnger, P , Coulson, B A, mid Bcsiescli, B , 
Mature, 1944, 154, 270 

io Ellingei, P, Benesch, B, ond Kiy, W W, 
lancet, 194 5, 1, 432 


gut and a very low dietary intake the new- 
born infants studied excreted 3 2 mg nico- 
tinamide methochlonde in the urine, a 
quantity probably in excess of that derived 
from these 2 sources 

The nicotinamide which appears m the 
urine as the methochlonde represents nico- 
tinamide which was either synthesized by the 
infant or which diffused across the placenta 
to the fetus before parturition The great 
variations m the daily methochlonde excre- 
tions of newborn infants probably reflect 
either variations in the nutritional status of 
the mother or different degrees of permeabili- 
ty of the placental barrier It is premature 
to suggest that those infants whose metho- 
chloride elimination was distinctly below the 
average found in this study are necessarily 
“deficient” m the pellagra-preventive com- 
pounds since very little is known of the ab- 
solute human adult nicotinamide requirements 
and nothing is known of the newborn Since 
the methochlonde content of newborn in- 
fants probably exceeds that which could have 
been attributed to nicotinamide derived from 
the diet or intestinal flora it is probable that 
the tissues of the newborn infant contain 
an appreciable store of nicotinamide at the 
time of birth 

The excretion of nicotinamide metho- 
chloride by the full term infants following 
the ingestion of nicotinamide, nicotinic acid 
or coramine is essentially equal to that ob- 
served by Elhnger and Coulson 4 for adults 
when given equal doses of the same com- 
pounds This suggests that the absolute 
weight of normal liver tissue is not a factor 
in methvlation We can offer no explanation 
for the observation that under similar ex- 
perimental conditions premature infants ex- 
crete less nicotinamide methochlonde than 
full term infants 

Summary Experiments were conducted on 
newborn infants to determine the 24-hour 
elimination of nicotinamide methochlonde 
under normal conditions or following the 
administration of nicotinamide, nicotinic acid 
or coramine With regard to the influence 
of the 3 compounds tested on nicotinamide 
methochlonde output nicotinamide proved to 
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be the most active followed by nicotinic acid 
and then coramine Premature infants 
eliminated less nicotinamide methochlonde 
than normal newborn infants under the same 
conditions Fa idence is presented which in- 


dicates that coramine is normal!} converted 
to nicotinamide and excreted as nicotinamide 
methochlonde Under the conditions of the 
experiment methionine had little or no effect 
on the methvlation of nicotinamide 
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Some insight into the role of xitamms m 
human ph\ siology may be gained from a 
study of the concentration of vitamins m body 
tissues and fluids in various physiologic states 
Among these are pregnancy, parturition and 
the neonatal state The content of vitamin 
E in these states is of particular interest be- 
cause of its well established function in in- 
suring normal reproduction in certain labora- 
tory animals 

Vitamin E is normally not present in the 
urine 1 Plasma, however, is readily available 
for investigation of vitamin E content 
The plasma levels of vitamin A m preg- 
nant women and newborn infants have been 
reported in several papers 2 These determina- 
tions became possible with the development 
of suitable clinical methods for determination 
of plasma vitamin A A clinical method for 
the determination of plasma vitamin E 3 has 
made possible a similar investigation of the 
maternal and fetal plasma levels 

The plasma levels of vitamin C, carotene, 

1 Hines, L B , and Mittill, HA , J Biol Chcm , 
1943, 140, 549 

- Abt Arthur F , and others, Quart Bull Xorth 
u estern XI lied School, 1942, 16, 245 Lund, 
C J and Kimble, It S, Jm J Obstct and Gyncc , 
1943, 4G 207, Bvrn, Jane X, and Eastman, X J, 
Bid I Johns Bop) ms Bosp , 1943, 73, 132, 
Bodanshv, Oscar, Lems, J M, and Lillienfeld, 
M C C , J Chn latest , 1943, 22, 643 
3 Quaife, M L , and Harris, P L , J Biot Chcm , 
1944 110, 499 


vitamin A and vitamin E have been simul- 
taneous!} determined in a fairly large series 
of normal persons and patients suffering from 
various disease processes The levels found 
for vitamin carotene and vitamin C were 
m good general agreement with those previ- 
ously reported This report deals only with 
the levels found for vitamin E in the plasma 
of pregnant and parturient women and new- 
born infants 

Procedure and Methods Plasma was ob- 
tained from oxalated blood from the cubital 
veins of women and from oxalated blood 
from the umbilical cord for infants’ samples 
The umbilical cord was damped and divided 
a few minutes after delivery and the blood 
collected from the placental end of the cord 
before delivery of the placenta The sample 
from the mother was obtained immediately 
after completion of the delivery — about one- 
half hour later than the cord sample Vita- 
min E levels were determined b} the method 
of Quaife and Harris, 3 using the hvdrogena- 
tion technic of Quaife and Biehler A Cole- 
man universal spectrophotometer model 11 
was used In brief, the method comprises 
extraction of plasma lipids with ethanol and 
petroleum ether, hydrogenation to obviate 
interference due to carotenoids and vitamin 
A, and application of the Emmerie and Engel 
color reaction to measure total tocopherols 

4 Q' nif e, M L , and Biehler, K , J Biol Chcm , 
1945, lo9, 063 
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dev eloped from nicotinamide methochloride by 
the same procedure Coramine methochloride 
also resembles nicotinamide methochloride in 
that it is adsorbed on Decalso, eluted nith 
KCl and as a consequence it may be esti- 
mated fluorometricalh in the same manner 
as nicotinamide methochloride Preliminary 
experiments have shown that the absolute 
intensity of the fluorescence of the derivative 
of coramine is however only about 12% of 
that de\ eloped from equivalent amounts of 
nicotinamide methochloride 


In order to test the effect of coramine 
methochloride on the fluorescence developed 
from the urine by the procedure of Coulson 
ct al'' for the estimation of nicotinamide 
methochloride an adult was given a single 
oral dose of 200 mg of coramine methochlor- 
ide Xo increase in fluorescence occurred 
As a further check 2 normal newborn in- 
fants were each gnen 200 mg of coranune 
methochloride subcutaneously without in- 
creasing the total fluorescence de\ eloped from 
the urine by alhahne-isobutanol treatment. 
It would appear that if coramine is methylat- 
ed m the human body and excreted as 
coramine methochloride this does not occur 
to any appreciable extent It is more proba- 
ble that coramine is normally comerted to 
nicotinamide which m turn is methylated and 
excreted 


Discussion The nicotinamide produced by 
the intestinal flora is an important if not 
the chiel source of this vitamin for the 
adult ■' 10 Since however, the average age 
ot our newborn infants was less than 40 
hours at the conclusion of the first day of 
the experiment it is doubtful that the in- 
testinal flora was sufficiently well established 
to provide them with any appreciable quanti- 
ty of nicotinamide Furthermore since they 
received notmng but water for 24 hours and 
\ery small quantities of milk during the suc- 
ceeding 10 hours they denied tery little oi 
the vitamin from the diet Nevertheless, in 
spite of scant nicotinamide production in the 


*• Elhnger, P Coupon, B 
Xitiio 1944 154, 270 
m Elhnger P , Benesch 


A-, and Senesch B , 
B , and Knv XV XV , 


Lancet 1941, 1 432 


gut and a very low dietary intake the new- 
born infants studied excreted 3 2 mg nico- 
tinamide methochlonde in the unne, a 
quantity probably in excess of that derived 
from these 2 sources 

The nicotinamide which appears in the 
urine as the methochloride represents nico- 
tinamide which was either synthesized bv the 
infant or which diffused across the placenta 
to the fetus before parturition The great 
variations in the daily’ methochlonde excre- 
tions of newborn infants probably reflect 
either variations in the nutritional status of 
the mother or different degrees of permeabili- 
ty of the placental barrier It is premature 
to suggest that those infants whose metho- 
chlonde elimination was distinctly below the 
average found in this stud y are necessarily 
‘ deficient’ m the pellagra-preventive com- 
pounds since very’ little is known of the ab- 
solute human adult nicotinamide requirements 
and nothing is known of the newborn Since 
the methochloride content of newborn in- 
fants probably exceeds that which could have 
been attributed to nicotinamide derived from 
the diet or intestinal flora it is probable that 
the tissues of the newborn infant contain 
an appreciable store of nicotinamide at the 
time of birth 

The excretion of nicotinamide metho- 
chlonde by the full term infants following 
the ingestion of nicotinamide, nicotinic acid 
or coramine is essentially’ equal to that ob- 
served by Elhnger and Coulson 4 for adults 
when given equal doses of the same com- 
pounds This suggests that the absolute 
weight of normal liver tissue is not a factor 
in methy lation We can ofier no explanation 
for the observation that under similar ex- 
perimental conditions premature infants ex- 
crete less nicotinamide methochlonde than 
lull term infants 

Summary Experiments were conducted on 
newborn infants to determine the 24-hour 
elimination of nicotinamide methochlonde 
under normal conditions or following the 
administration of nicotinamide, mcotimc acid 
or coramine With regard to the influence 
of the 3 compounds tested on nicotinamide 
methochlonde output nicotinamide proved to 
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be the most actne followed by nicotinic acid dicates that corannne is normally converted 
and then coramine Premature infants to nicotinamide and excreted as nicotinamide 
eliminated less nicotinamide methochloride methochlonde Under the conditions of the 
than normal newborn infants under the same experiment methionine had little or no effect 
conditions Evidence is presented which in- on the methylation of nicotinamide 

15324 

Vitamin E Levels in Maternal and Fetal Blood Plasma 

Jon V Straumftord and Mary Louise Quaife (Introduced bv Philip L Harris ) 

From the Astoria Extension Research Laboratory (Department of Biochemist) >l, Unncisity of 
Orcrjon Medical School) Astoria, Oregon, and Jicsrarch Department, Distillation Pioihicts, Inc 

Loch enter, X T 


Some insight into the role of vitamins m 
human phisiologv mai r be gained from a 
study of the concentration of vitamins m body 
tissues and fluids in various physiologic states 
Among these are pregnancy, parturition and 
the neonatal state The content of vitamin 
E m these states is of particular interest be- 
cause of its well established function in in- 
suring normal reproduction m certain labora- 
tory animals 

Vitamin E is normally not present in the 
urine 1 Plasma, however, is readily available 
for investigation of vitamin E content 

The plasma levels of vitamin A in preg- 
nant women and newborn infants have been 
reported m several papers - These determina- 
tions became possible with the development 
of suitable clinical methods for determination 
of plasma vitamin A A clinical method for 
the determination of plasma vitamin E 3 has 
made possible a similar investigation of the 
maternal and fetal plasma levels 

The plasma levels of vitamin C, carotene, 

1 Hines, L E , and Alattill, H A , J Biol Client , 
1*143, 149, 349 

2 Abt, Arthur F , and others, Quart Bull Xorth 
ucstcrn V Med School 1942, 10, 245, Lund, 
C J , and Kimble, M S , A m J Ohslet and Gynce , 

1943, 40 207, Byrn, Jane X , and Eastman, X J , 

Bull Tohns Hophns Hasp, 1943, 73, 132, 

Bodanshr, Oscar, Lewis, J At , and Lillienfeld, 
M C C,J Clin Iniest 1943,22, 043 

3 Quaife, At L , and Harris, PL ,J Biol Chem , 

1944, loC, 499 


vitamin A and vitamin E have been simul- 
taneous!}* determined in a fairly large series 
of normal persons and patients suffering from 
various disease processes The levels found 
for vitamin A, carotene and vitamin C were 
m good general agreement with those previ- 
ously reported This report deals only with 
the levels found for vitamin E in the plasma 
of pregnant and parturient women and new- 
born infants 

Procedure and Methods Plasma was ob- 
tained from ovalated blood from the cubital 
veins of women and from ovalated blood 
from the umbilical cord for infants’ samples 
The umbilical cord was clamped and divided 
a few minutes after delivery and the blood 
collected from the placental end of the cord 
before delivery of the placenta The sample 
from the mother was obtained immediately 
after completion of the delivery— about one- 
half hour later than the cord sample Vita- 
min E levels were determined bv the method 
of Quaife and Harris, 3 using the hydrogena- 
tion technic of Quaife and Biehler 4 A Cole- 
man universal spectrophotometer model 11 
was used In brief, the method comprises 
extraction of plasma lipids with ethanol and 
petroleum ether, hydrogenation to obviate 
interference due to carotenoids and vitamin 
A, and application of the Emmerie and Engel 
color reaction to measure total tocopherols 

4 Quaife, At L , and Bieliler, E , J Biol Chem , 
1945, 159, 663 
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(vitamin E) Pure natural a-tocopherol 
was used to prepare a standard curve, since 
/3- and 7-tocopherols give substantially the 
same color response under the conditions 
used 

Results with Statistical Analysis Values 
in Pregnant Women Plasma vitamin E val- 
ues were determined on 23 w'omen in various 
stages of pregnancy Inspection of the results 
showed an increased level of tocopherols in 
the latter part of pregnancy Eleven women 
in the first 24 w'eehs of pregnancy had a 
mean level of 1 17 mg% tocopherols with 
a standard deviation of 0 19 Tw'elve pa- 
tients in the 25th to 36th week of pregnanes 
had a significantly higher mean level of 1 62 
mg% with a standard deviation of 0 31 
For men and non-pregnant women mean 
levels of plasma vitamin E of 1 OS mg% for 
a group in Rochester, New York, and 1 04 
mg% for a group in Birmingham, Alabama, 
have been determined by the same method r> 

Values w Mothers and the Newborn Plas- 
ma vitamin E was determined on 54 mothers 
and respective cord bloods at delivery In- 
clusion of 2 sets of twins gave 56 values for 
infants The mean maternal vitamin E was 
1 70 with a standard deviation of 0 30 The 
mean fetal vitamin E was 0 34 with a stand- 
ard deviation of 0 12 

Ihus, vitamin E is similar to other fat- 
soluble vitamins, \ and carotene, in showing 
markedly lower values in the infant than in 
the mother The mean ratio of plasma 
vitamin E in the mother to that in the infant 
was 5 7 This figure is interesting in view 
of the conclusion of Mason and Bryan,® based 
on bioassay of tissues, that for the rat "the 
concentration of vitamin E in the placenta 
and uterus of high-E mothers was about 5 
times greater than in the full-term fetus or 
newborn ” 

The correlation coefficient of maternal and 
fetal vitamin E levels was calculated and 
showed absolutely no correlation between 

the 2 

P L, Jensen, J L , Hickimn, K C 
D , nut Spies, T , Am J Put) Health, 1946, 30, 

Mason, K E, and Bryan, W L, J Nutrition, 
1940, 20, 301 


Relationships oj Petal Vitamin E The 
possibility of a sex difference in the plasma 
vitamin E levels of the newborn was in- 
vestigated Thirtv female infants had a 
mean of 0 355 (S D = 0 145), and 26 males 
a mean of 0 318 (S D = 0 089) However, 
the difference is not statistically significant 

A lack of correlation between vitamin E 
in the infant and birth-weight was also ob- 
served 

Two sets of twins are included in the group 
One pair, identical girls, showed vitamin E 
values of 0 42 and 0 48 A second pair, 
boy and girl, had identical levels of 0 30 

Comment These results differ considera- 
bly from the levels reported by Varangot 7 
Varangot found that although the level in 
non-pregnant women was considerably lower 
than that m pregnant women, the level in 
the first trimester of pregnancy was higher 
than in the third In 18 samples of blood 
collected' from the umbilical vein at birth 
the vitamin E level was approximately 0 1 
mg% In 6 samples the amount was too 
small to measure The serum vitamin E 
levels for non-pregnant women first reported 
by Varangot were much higher than those 
obtained with a later method in which he 
employed a chromatographic adsorption 
column to eliminate interfering substances 
This method was used for the series referred 
to above His results, however, agree with 
ours in respect to the much lower concen- 
tration of vitamin E in the fetal blood than 
in the maternal blood and the much higher 
concentration of vitamin E in the blood of 
pregnant than of non-pregnant women 
It has been shown that the blood lipids in- 
crease in pregnancy® Vitamin E accord- 
ingly behaves in a similar way The concen- 
tration of lipids in the fetal plasma is gen- 
erally much lower than m the maternal 
plasma 0 which is likewise true of vitamin E 

"V'lnngot, J, Compt tend Acad d sc, 1942, 
214, 091, Vinngot, T Clmllcy, H, ind Rieux, 

N* , Compt lend Soc dc biol , 1943, 137, 210, 
Ibid , Compt rend Soc dc biol , 1943, 13*, 393 
s Tylei, M, ind Underhill, F P , J Biol Chcm , 
1925, CO, 1 

« Slemons, .T M , ind St-inder, H T , Bull Johns 
Hop 7 ins Hasp , 1923, 34, 7, Boyd, Eldon M , and 
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This relationship has been show n to hold also 
for vitamin K. as measured by prothrombin 
lei els 10 

While this placental barrier may be re- 
garded usually as a protectn e mechanism, the 
fact that neonatal hemorrhages may be pre- 
\ented by the administration of additional 
iitanun K. to mothers, whose plasma contains 
adequate amounts of v itamin K for their ow n 
needs, might indicate that the placental bar- 
rier does not always function in a beneficial 
way 

Administration of supplements of vitamin E 
to the mother during pregnancy might pos- 
sible increase the fetal plasma vitamin E 
Experiments to test this point are in progress 
“The umbilical \essels do offer a unique 
source of blood for analyses, but the results 

Wilson, Karl M , J Clin InicsUgaUon, 1933, 14 7 
1° Smith H P , vnd Warner, E D , Vitamin K 
Clinical Aspects, in Evans, E A , Jr Tlic Bio 
logical Action of the Vitamins, University of 
Chicago Press, 1042, 211 


obtained therefrom are a little too limited to 
an especially transient state of affairs to throw 
much light on the whole period 5 11 The 
situation at delivery does not represent the 
relationship throughout gestation and broad 
metabolic and nutritional generalizations 
should not be drawn from determination of 
this kind although they are of interest in 
their own right and their significance be- 
comes greater with advancing knowledge 

Conclusions 1 The plasma vitamin E 
level tends to rise with the progress of preg- 
nancy and is approximately 65% higher at 
term than that for non-pregnant women 

2 The vitamin E level in the cord blood 
of infants at birth is much lower than the 
level in the venous blood of the mothers 

3 No sex difference in vitamin E levels 
is apparent in newborn infants 

ll Smith, Clement A , The Physiology of the 
Xcuboni Infant, cd 1, Chirles C Thomas 1045, 
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In previous studies 12 we have observed 
that under certam conditions at least, 
synthesis of thiamine and of riboflavin oc- 
curred m the gastrointestinal tract of man 
These studies were carried out on purified 

* The expenses of this study were defrayed in 
part by grants from the John and Mary R 
itarkle Foundation, the Sugar Research Founda 
tion and from Mead Johnson Co 

iNa^ar, V A , and Holt, L E , Jr , J A M A, 

1943, 123, GS3 

2 Najjar, V A , Johns, G A Medairy, G C , 
Fleischmann, G , and Holt, L E Jr , J A M A , 

1944, 120, 357 


diets in which the B factors were supplied 
almost entirely' in. the form of crystalline sup- 
plements The recovery' of these factors from 
the excreta was found to be in excess of the 
intake and m a number of experiments the 
excretion m the stools alone exceeded the 
quantity ingested It was found that the 
administration of sulfasuxidine inhibited 
thiamine synthesis eftectively, but caused no 
suppression of riboflavin synthesis, indeed, 
the synthesis of riboflavin appeared to be in- 
creased by the drug 

Experiments pointing to the synthesis of 
nicotinamide in. the human intestine were 
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reported by Elhnger and his collaborators 3 * 
These authors did not employ purified diets 
but attempted to maintain a constant nico- 
tinamide intake with natural foods containing 
nicotinamide Measurements were made of 
the excretion of N-methyl nicotinamide 
derivatives (F 2 ) in the urine, which were 
found to decrease markedly after the ad- 
ministration of sulfa drugs, notably sulfa- 
suxidme, from this the authors deduced that 
a substantial amount of nicotinamide was 
being synthesized by the intestinal bacteria 

It seemed to us desirable to study the 
biosynthesis of nicotinamide under conditions 
in which the intake was rigidly controlled 
and reduced to a minimum — namely, with 
purified diets It is the purpose of the pres- 
ent communication to report such studies 
We have been able to confirm the finding of 
Elhnger ct al in regard to the biosynthesis 
of nicotinamide, but not in regard to the 
suppression of this phenomenon by sulfa- 
suxidme 

Experimental Subjects Studies were 
made on 4 adolescents between 10 and 14 
years of age who were inmates of an institu- 
tion The subjects lived a sedentary life dur- 
ing the period of study — approximately 3 
months Temperature and pulse were record- 
ed 4 times daily and physical examinations 
were done about once a week The subjects 
remained in excellent health throughout the 
study, they w r ere examined with particular 
care for changes suggestive of pellagra, but 
no such changes were observed 

Diet This consisted of vitamin-free 
casein, + crisco,* dextrimaltose$ and mineralsll 
mixed together to form a dough which was 

3 Elhnger, P , Coulson, B A , and Benescli, E , 
yainre, 1944, 154, 270 

4 Elhnger, P , and Benescli, E , Lancet, 1943, 

1, 432 

1 The Mtamm free casein (Sheffield) used in the 
stud} contained 0 3 to 0 9 y nicotinic acid per 
g, according to assays made m the Sheffield 
laboratories 

* This was supplied through the courtesy of 
Procter and Gamble 

i Eextrmialtose No 2, used m this stud} was 
generous!} supplied b} Mead Johnson and Co 
Nicotinic acid assnTS of this product, for which 


fed in equal quantities at each of the 3 meals 
This diet provided approximately 40 calories 
per kilogram, distributed as follows protein 
15%, fat 35% and carbohydrate 50% The 
mineral mixture was supplied in quantities 
of 1 5 g daily In order to insure accuracy 
of intake vitamin supplements were given 
md ependentlv Fat soluble vitamins were 
provided by a daily dose of 5 drops of cod 
liver oil concentrate (Mead Johnson) A 
mixture of vvater soluble vitaminsli containing 
no nicotinic acid was given in equal quantities 
3 times a day Small amounts of nicotinic 
acid were found to be present in the basal 
diet, providing a maximum intake of 1 5 to 

2 0 mg per day 

Plan of Study The study was divided into 

3 periods of approximately one month each 
During the first and third periods the nicotinic 
acid deficient diet was given alone, during 
the second period sulfasuxidine was added 
in doses of 1 5 g every 4 hours 

Urine was collected throughout and 24- 
hour specimens were analyzed daily for N- 
methyl nicotinamide by the fluorometric 
method of Najjar r ' 

Results The output of N-methyl nico- 
tinamide (F 2 ) in the urine for the 4 subjects 
is presented in Table I where daily average 
figures for each 6 days of the study are shown 
It will be noted that the output of N- 
methyl nicotinamide on the experimental diet 
averaged close to 1 mg per day (extremes 
0 16-2 25 mg), being somewhat less than 
values reported for active male adults on a 

we arc indebted to Dr Warren Jf Cox, Jr, showed 
a content of S 0 y per g 

|| The mineral mixture used had the following 
composition (measured in g) NaCI 18 9, CaHPO^ 
(anh}drous) 25 0, MgS0 4 (anhydrous) 6 86, 
KHCO- 44 4, KC1 2 88, Pe 3 Citrate 2 21, 
CuS0 4 (mh}drous) 0 24, MnSCq (anhydrous) 

0 15, KI 0 015 and NaF 0 03 

JI The mixture of water soluble vitamins pro 
aided the following daily quantities, ascorbic 
acid 25 mg, calcium pantothenate 1 mg, pyndoxme 

1 mg, inositol 1 mg, p anunobenzoic acid 1 mg, 
choline chloride 5 mg, thiamine 1 mg, and nbofla 
van 1 mg 

o Najjar, V A, Suit Johns UopUns Sosp , 
1944, 74, 392 
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TABLE I 

Urimri Output of X Met In I Xicotin imule Chloride (fig per Dn) 



The figuns represent aicrage daili excretions m successive G d ix periods 

Subjects 

Diet Dite Bu Ge Mi 

Sc' 


Foreperiod on institutional diet 

10 15 to 10 20 44 

960 

334 

t 

902 


Purified diet started 

10 21 





Part I 

Xicotinamidc deficient diet 

10 22 to 10 27 

463 

270 

t 

655 



10 29 to 11 3 

1063 

246 

t 

16S3 



11 4 to 11 9 

>55 

240 

t 

7G7 



11 10 to 11 la 

337 

166 

5S0 

S73 



11 11. toll 21 

223 

179 

265 

6S4 


Sulfasuxidme started 

11 25 





Part II 

Xicotinamidc deficient did 

11 2S to 12 3 

233 

S71 

675 

95G 


phis sidfasiindine 

12 4 to 12 9 

52b 

674 

527 

S55 



12 10 to 12 15 

GS5 

790 

1404 

10S7 



12 1G to 12 21 

1914 

2131 

2250 

15S2 



12 22 to 12 26* 

1S52 

1642 

1649 

1792 


Sulfasuxidme stopped 

12 2G 





Part III 

Xicotinamidc deficient did 

12 27 to 1 1 ’45 

1599 

S74 

1965 

15S2 



12 to 1 7 

649 

40S 

1094 

1105 



IS tol 15 

509 

t 

S52 

14S1 



1 14 to 1 19 

251 

471 

S40 

1362 


* This period represents an average of 5 days only 
t Specimens lost during tins period 


normal diet (2 to 10 mg) C7S and for con- 
trol subjects on our purified diet (avg 4 28 
mg) who received a daily supplement of 
25 mg nicotinamide However, the output 
on our experimental diet was comparable to 
that on the institutional diet, which was cal- 
culated to contain more than 10 times as 
much nicotinic acid In other words a 10- 
fold reduction in nicotinic acid intake pro- 
duced no appreciable reduction in the output 
of the methyl derivative m the urine 

Under conditions observed hitherto by 
various workers only a fraction of the in- 
gested nicotinamide, varying from 10 to 40% 
appears in the urine as N-methyl deriva- 
tive In the present experiments, however, it is 
evident that at times the urinary excretion 
of N-methyl derivative is comparable to that 
of the ingested nicotinamide This might 
be interpreted as indicating either (1) that 

c Johnson, B E, Henderson, C, Bobmson, P 
F , -md Consolmo, F C , J Xutr , 1045, 30, S9 

r Ellmger, P , and Benesch, B , Lancet 1945, 
1, 197 

s Michclsen, 0 , md Erickson L L , Proc Soc 
Exp Biol vxd Med , 1945, 58, S3 


at the low level of intake in these experiments 
close to 100% of the ingested nico- 
tinamide was excreted m the urine as 
the N-methyl product or (2) that a sub- 
stantial synthesis of nicotinamide occurred 
within the body We are inclined to dismiss 
the former possibility, because of the numer- 
ous observ ations now available that pellagrins 
on pellagra-producing diets and dogs on a 
black-tongue-producing diet show negligible 
quantities of N-methyl nicotinamide in the 
urine Hence a reduction of nicotinamide 
intake per sc is not followed by a decreased 
proportion of nicotinamide excretion in the 
form of N-methyl derivative and by the per- 
sistence of that derivative in the urine in 
considerable quantity, as occurred m the 
experiments here reported The persistent 
excretion must therefore be attributed to 
biosynthesis of nicotinamide 

The effect of sulfasuxidme, which failed 
entirely to cause any reduction m N-metbyl 
nicotinamide output, was somewhat of a sur- 
prise to us m view of the sharp reduction 
m output that had followed its use in the 
experiments of Elhnger ct al Indeed it ap- 
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peared that in 3 of our 4 subjects there w as 
an increased excretion of N-methy] deriva- 
tive m the sulfasuxidme period with' a tenden- 
cj to decline when the drug Mas discontinued 
The explanation of this discrepancy may well 
be in the nature of the basal diets, which 
permitted different bacterial flora to flourish 
when the coliform organisms were suppressed 
by the drug In our experiments it may be 
assumed that the organisms which replaced 
the colon bacilli were capable of synthesizing 
nicotinamide whereas under the conditions 
of the British investigators organisms flour- 
ished which were incapable of performing 
this synthesis 

In a recent communication Michelsen and 
Erickson 8 reported some human experiments 
m which a considerable reduction in nico- 
tinamide intake was followed by only a 
minimal reduction in the output of N-methyl 
derivative This led them to question the 
value of F 2 excretion “as a means of evaluat- 
ing the state of niacin nutrition ” We be- 
lieve that their data deserve a different in- 
terpretation in the light of our observations 
and those of Ellinger on the biosynthesis 
of nicotinamide Under conditions in which 
biosynthesis occurs there is apparently little 
correlation between niacin intake and F 2 ex- 


cretion, but we see in their data nothing to 
disprove the view that macm nutrition is not 
reflected in the F 2 output As far as we are 
aware the subjects studied by these authors 
even on a minimal macm intake failed to 
develop pellagra or any other manifestation 
attributable to niacin deficiency The F» 
output would seem to be a better criterion of 
the adequacy of macm nutrition than a macm 
assay of the diet 

Summary ( 1 ) Four subjects subsisted for 
a period of 3 months on a diet of purified 
vitanun-free foods furnishing a dadv intake 
of 1 5-2 0 mg nicotinamide (2) There 
were no symptoms or signs of nicotinic acid 
deficiency observed during this period 

(3) The urinary output expressed as N- 
mcthylmcotinamide chloride showed no re- 
duction suggestive of depletion of nicotinamide 
stores, a finding which suggests synthesis of 
the vitamin by the intestinal bacteria 

(4) An attempt to inhibit bacterial synthesis 

of nicotinamide in the intestinal tract was 
not reflected by a drop in the urinary ex- 
cretion of N-methylnicotmanude (F 2 ) (5) 

This suggests that nicotinamide synthesis in 
the intestinal tract w>as accomplished by bac- 
teria which were not sensitive to sulfasuxidme 
in the doses used 
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Functional and Fatty Changes m Liver During Chronic Vitamin B 
Complex Deficiency * 


Victor A Drill and Ted A Loomis 

Department of Fharmacolonv, I ale University School of Medicine, Xcw Haven, Conn 


From the 

A decrease in hepatic function has been 
reported in dogs when a diet producing black- 
tongue is fed 1 or during an acute deficiency 
of the vitamin B complex - Thus, vitamin B 

’‘‘Aided bj x grant from Eli Lillj and Com 
purr;, Indian ipolis, Indiana, and the Fluid Be 
search Fund of Yale Umversit} School of Medi 
cino 

1 Bho ids, C P, and Miller, D K , J Exp 
Med, 1938, 07, 403 

2 Drill, V A , Shaffer, 0 B , and Leathern, J 
H , Pnoa Soc Exr Biol and Med , 1943, 52, 328 


complex may play a role in maintaining nor- 
mal liver function In such animals the de- 
creased protein intake may also be a factor 
in producing hepatic dysfunction The re- 
duction of the protein intake of dogs to zero 
produces dye retention 3 
In the present study a cftionic deficiency 
of the whole vitamin B complex was pro- 
duced By using appropriate inanition con- 
trols the effect of the vitamin deficiency state 

~ a Hough, V II, Monahan, V P, Li, T W , and 
Freeman, S, Am J Physiol,, 2943, 139, G43 
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TABLE I 


Food lilt ikt 'nul Liver Function of Chrome XX ist Deficient Dogs 


Weeks 

41% c isem (Exp 

Food intake 

1) 

Bromsulplnl 
tin ret ’n * 

% 

Serum 

phosphatase* 

units 

O il /sq M/hr 

% of normal dogs 

05 

46 63 

Go 103 

2 G 

25 43 

G 10 

42 49 

64 100 

2 3 

35 40 

11 20 

32 47 

37-74 

3 5 

2 0 50 

21 30 

15 35 

23 45 

3 5 

2 5 5 0 

31 39 

17 35 

29 35 

3 3 

2 2 00 



20% casein (Exp 

2) 


0 5 

50 S3 

SC 120 

3 4 

2 0 40 

0 10 

22 51 

31 69 

3 1G (1) 

2540 

11 20 

IS 44 

34 GS 

3 IS (2) 

30 60 

21 27 

37 5S 

44 SO 

4 7 (1) 

4 0 7 5 (1) 

2S 31 

34 43 

60 71 

2 19 (2) 

25 65 (1) 

31 33 

25 34 

49 GO 

12 60 (3) 

4 0 10 0 (2) 

34 37 

X X 

29 46 

3 10 

20 40 

38 42 

20 

34 4S 

3 7 

20 50 


’Upper limit of normal bromsulphalem retention, G%, serum phosphatase 5 0 units 
Parentheses indicate number of dogs showing change from normal 


in hepatic function was determined 
Methods A total of 16 adult dogs received 
i synthetic diet containing either 41% or 
20% casein 1 The amount eaten during a 
3-hour period each day was averaged for the 
week and calculated as calories consumed 
per square meter of surface area per hour 
Three chronic vitamin B complex deficient 
dogs in each study received 0 1 g yeast 
2019 per kilo per day Three normal control 
and 2 inanition control dogs, used m each 
studv, received 4 0 g type 3 yeast extract 
per dayp which supplied a normal intake of 
B vitamins Normal control dogs were used 
to measure normal fluctuations m food intake 

t Diet consisted of casein 20, lard, 215, bone 
ash, 2 6, salt mixture (Karr), 13, and sucrose, 
54 0%, plus 20 drops of oleum pereomorphum 
per kilo of diet When the casein was increased 
to 41% the sucrose was correspondingly reduced 
t Yeast 2019 contained per g thiamine, 
IS 30 y, riboflavin, 65 y, pantothenic acid, 130 y, 
nicotinic acid, 550 y , pyridoxine, 40 y, choline, 
4 mg , inositol, 4 mg , and biotin, 2 5 y Tvpe 3 
veast extract contained per g thiamine, 900 y, 
riboflavin, 210 y, pantothenic acid, 450 v, nico 
time acid, 4 0 mg, pvridoxme, 150 y 

The authors wish to thank Mr I? F Light of 
the Fleisehmann Laboratories for the analyzed 
jeast, and Dr C E Bills of Mead Johnson and 
Company for the oleum pereomorphum 


Control inanition dogs were limited to the 
same number of calories, per square meter 
of surface area, consumed by the chronic B 
complex deficient animals the previous week 
Liver function was studied by means of al- 
kaline serum phosphatase* and bromsul- 
phalem 3 (5 mg/k) determinations 

Results Experiment 1 The chronic B 
complex deficient animals showed a progres- 
sive decrease in food intake which fell to 
29-55% of normal (Table I) During the 
39 weeks of low yeast supplement all groups 
of dogs maintained a normal bromsulphalem 
clearance and normal serum phosphatase 
E\ pert nt cat 2 The chrome B complex 
deficient animals, receiving the same yeast 
intake as in Experiment 1 but with a 20% 
casern diet, also showed a decrease in food 
intake (Table I) Changes m bromsulphalem 
retention and serum phosphatase occurred m 
2 of the 3 dogs before the 27th week (Table 
I) This finding is in contrast to the lack 
of changes m Experiment 1 during the same 
period, when a similar yeast intake was given 
but with a 41% casein diet 

On the 27th week the yeast intake of the 
deficient dogs was reduced by one-half This 

■* BoduisKr, A , T Swl Client , 1937, 120, 1G7 
-•Rosenthal, S M, and White, E C, J Am 
Med Assn , 1925, 84, 1112 
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produced a further decrease m food intake 
The bromsulphalein retention increased in all 
3 dogs, and the serum phosphatase increased 
in 2 of the 3 dogs to 8 to 10 units/100 cc 
Liver biopsies taken during the 3 2nd week 
showed a considerable amount of fat in all 
3 B complex deficient dogs Neither the 
inanition control nor the normal control dogs 
showed abnormal changes in liver function 
or fatty changes in the biopsy 

At the end of the 33rd week each B com- 
plex deficient dog w-as given 4 g of type 3 
yeast extract per day and the food intake 
was limited to 22 calones/sq meter/hour, so 
that protein and total caloric intake was still 
below normal One of the 3 dogs died dur- 
ing this period but the other 2 dogs showed 
a rapid return of bromsulphalein retention 
and serum phosphatase to normal Liver 


sections at the 42nd week showed either a 
definite decrease in fat or complete return 
of the fatty change to normal 

Summary A chronic vitamin B complex 
deficiency in dogs on a 41% casein diet pro- 
duced a marked decrease m voluntary food 
intake, but liver function tests remained 
normal and liver sections showed no increase 
in fat A similar chronic B complex de- 
ficiency using dogs on a 20% casein diet 
produced an abnormal liver function and fattv 
changes in liver biopsy specimens These 
findings were absent m the inanition and nor- 
mal control dogs Therapy with yeast ex- 
tract restored the liver function to normal 
and the fatty change in the liver decreased, 
even though protein and caloric intake were 
restricted 
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Sdo Paulo, Brazil 


We have previously studied the mecha- 
nism leading to the discharge of histamine 
and heparin from the liver in an anaphylaxis- 
like condition produced in dogs by the in- 
jection of extracts from Ascaris lumbrt- 
cotdcs 1 ~ On the basis of tti vitro and in vivo 
experiments, performed in 84 dogs, we have 
concluded that the discharge of those sub- 
stances constitutes the last step m a complex 
chain of reactions involving (1) clumping 
of leucocytes and platelets which will form 
micro-thrombi inside the liver capillaries and 
small vessels, (2) disintegration of platelets 
(as shown in Giemsa stained smears from 

* From the Adolfo Lutz Institute, Suo Piulo, 
Brazil 

1 Roeliu e Silo, M, and Grafia, A , Arch Sniff, 

in press . , 

2 Rocha c Silo, M, Poito, A, and Vndrade, 

S 0 , Arch Surg , in press 


fragments of the liver) and also, in a less 
degree, of leucocytes in intimate contact with 
liver cells, (3) probable activation of a 
proteolytic enzyme, since platelets contain a 
kinase for plasma trypsin, 3 and (4) the re- 
lease of histamine and heparin by activated 
trypsin, since this enzyme is able to accomplish 
both effects 4 5 

Ail the steps of this chain of enzymatic 
and pharmacological reactions have been 
properly demonstrated, except activation of 
plasma trypsin during severe anaphylactic 
shock When we attempted to estimate free 
trypsin in the plasma of animals, before and 

3 I^rngnr, X K , Indian J Bed Bcs , 19H, «?0, 
4G7 

-iRotln e Sih'i, IT, Arch f exp Path mi 
Pharma ) , 1940, 194, 335 

Rocli i c Silva, M , and Diagstedt, C A , Pkoc 
hoc L\p Biol am> Med , 1941, 48, 152 
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produced a further decrease m food intake 
The bromsulphalein retention increased m all 
3 dogs, and the serum phosphatase increased 
in 2 of the 3 dogs to 8 to 10 units/100 cc 
Liver biopsies taken during the 32nd week 
showed a considerable amount of fat in all 
3 B complex deficient dogs Neither the 
inanition control nor the normal control dogs 
showed abnormal changes m liver function 
or fatty changes m the biopsy 
At the end of the 33rd week each B com- 
plex deficient dog was given 4 g of type 3 
yeast extract per day and the food intake 
was limited to 22 calones/sq meter/hour, so 
that protein and total caloric intake v r as still 
below normal One of the 3 dogs died dur- 
ing this period but the other 2 dogs showed 
a rapid return of bromsulphalein retention 
and serum phosphatase to normal Liver 


sections at the 42nd week showed either a 
definite decrease in fat or complete return 
of the fatty change to normal 

Summary A chronic vitamin B complex 
deficiency in dogs on a 41% casein diet pro- 
duced a marked decrease m voluntary food 
intake, but liver function tests remained 
normal and liver sections showed no increase 
in fat A similar chronic B complex de- 
ficiencv using dogs on a 20 % casein diet 
produced an abnormal liver function and fatty 
changes m liver biopsy specimens These 
findings were absent in the inanition and nor- 
mal control dogs Therapy with yeast ex- 
tract restored the liver function to normal 
and the fatty change m the liver decreased, 
even though protein and caloric intake were 
restricted 
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Sao Paulo , Brazil 


We have previously studied the mecha- 
nism leading to the discharge of histamine 
and heparin from the liver in an anaphylaxis- 
like condition produced in dogs by the in- 
jection of extracts from Ascans lumbn- 
cotdcs 1 2 On the basis of in vitro and in vivo 
experiments, performed m 84 dogs, we have 
concluded that the discharge of those sub- 
stances constitutes the last step in a complex 
chain of reactions involving (1) clumping 
of leucocytes and platelets which will form 
micro-thrombi inside the liver capillaries and 
small vessels, (2) disintegration of platelets 
(as shown in Giemsa stained smears from 

* From the Adolfo Lutz Institute, S'io Paulo, 
Brazil 

lBocln e Sihu, M, nnd Grain, A , Arch bun/, 
in press 

j Rocha e Silva, M, Porto, A, and Andridi, 
S 0 , Arch Surg , m press 


fragments of the liver) and also, m a less 
degree, of leucocytes m intimate contact with 
liver cells, (3) probable activation of a 
proteolytic enzyme, since platelets contain a 
kinase for plasma trypsin/ and (4) the re- 
lease of histamine and heparin by activated 
trypsin, since this enzyme is able to accomplish 
both effects 4 5 

All the steps of this chain of enzymatic 
and pharmacological reactions have been 
properly demonstrated, except activation of 
plasma trypsin during severe anaphylactic 
shock When we attempted to estimate free 
trypsin in the plasma of animals, before and 

•i Ivcngai, X K, Indian J Med Bei , 1042, 30, 
4G7 

1 Roeln e Sihu, M, Arch f exp Path mid 
PharmaJ 1040, 194, 335 

Rodi I e Sih a, M , and Dngstedt, C^A , Psoo 
Soc L\p Biol and Med, 1941, 48, 152 
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Fig 2 

Dog 37P A first infection of peptone pro 
dueed profound drop m blood pressure but *1 re 
cover} almost to norm il, after 20 A second in- 
jection produced a smaller effect and a quicker 
recovery Platelets iccompamed the curve of blood 
pressure, m a quite remarkable way 

the injection of the peptone the minimum 
being attained, as a rule, after 3 to 5 minutes 
following the injection The data for pro- 
thrombm time are indicated as a rough 
measure of the discharge of antithrombin 
(heparin), since we have observed a certain 
parallelism between increases m prothrombin 
time and the amounts of heparin present 
Additional information concerning the dis- 
charge of heparin in 4 of the animals em- 
ployed can be obtained in Fig 3, m which 
the results given by protamine test are in- 
dicated 

In cases of slight ( + ) or moderate 
(-j — h) shock, the return of leucocytes and 
platelets w r as very rapid, accompanying the 
return to normal of carotid blood pressure 
In those cases in which the shock was maxi- 
mal, as carotid blood pressure fell rapidly to 
zero platelets were down for the duration of 
the shock and did not return until death 
Also the discharge of histamine and heparin 
was maximal m those cases In the case of 
dog 51P the shock was particularly severe, 
with appreciable discharge of histamine and 
heparin the blood pressure was maintained 
at a low level for a long while and only slowly 
did incomplete recovery occur As indicated 
m the table, platelets fell considerably and 
remained down at the end of the experiment 
Of course, we cannot establish an absolutely 


perfect parallelism between recovery and the 
capacity for platelets and leucocytes to re- 
turn to their initial level In the first place, 
when platelets are initially high, a partial 
return would not mean that the elements 
were destroyed somewhere in the body, since 
they can be retained in some unspecified 
organ structures, as occurs when one injects 
glycogen or any platelet-leucocyte agglutinat- 
ing substance 14 On the other hand, even 
when the leucocyte-platelet counts fully re- 
cover, there might occur some platelet de- 
struction, since the returning elements might 
derive from previous depots m tissues which 
might not be concerned in the reaction But, 
if one considers extreme cases, the parallelism 
indicated in Table I and Fig 1 and 2, is 
striking enough to permit the conclusion that 
platelets and leucocytes take part m the 
mechanism of production of peptone shock 

Very important is the question as to where 
white elements segregate during peptone 
shock From the perfusion experiments pre- 
sented m another section of this paper it 
became very clear that the liver is able to 
retain those elements But also in vivo, we 
have indications that those elements are con- 
centrated m the portal circulation, since m 
many cases m which samples were taken at 
the trunk of the portal vein immediately 
after or before a similar sample was taken 
from femoral vein or inferior vena cava, 
leucocytes and platelets were enormously in- 
creased m the portal vein blood and m most 
cases there was a moderate but significant 
difference between those counts m portal and 
peripheral blood In the case of dog 47P, 
for instance, the animal died w ith a leucocyte 
count of 4,500 per cu mm and a platelet 
volume of 0 10%, m a sample taken at in- 
ferior vena cava, while a sample taken simul- 
taneously m the trunk of the portal vein 
showed a leucocyte count of 49,700 per 
cu mm and 0 50% of platelets Another 
striking result was obtained m dog 58P, which 
died m 17 minutes, with leucocyte count of 
1,600 and a platelet volume of 0 05%, while 
a simultaneous sample taken at the trunk 
of the portal vein showed 11,000 leucocytes 

m Rocha e Siha, M, Grain A, and Porto, A, 
Proc Pot E\p Biol vno Med , 1943 59, 37 
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after the onset of the anaphylactic reaction, 
the only effect we have been able to detect 
was a rather drastic reduction m both free 
and total trypsin We have interpreted this 
finding by assuming that the heparin which 
appears m blood stream would instantane- 
ously block the action of activated trypsin, 
since heparin was shown in separate experi- 
ments to antagonize plasma trypsin” That 
this interpretation was correct, has been sug- 
gested by" Jaques” w>ho has observed that 
addition of protamine to blood samples col- 
lected at the height of the anaphylactic shock 
brings about coagulation and, m many in- 
stances, a quick redissolution of the coagulum 
Since fibrinolysis strongly" suggests activation 
of plasma trypsin,” n this fact and those here 
presented constitute the demonstration that 
this enzyme might be concerned m the onset 
of anaphylactic and peptone shock 

Material and Methods The peptone used 
m those experiments was a proteose- 
peptone (Difco) containing small quantities 
of histamine, which amount was subtracted 
from the total, in experiments of liver per- 
fusion, m the in vivo experiments, the 
histamine contained in the peptone injected 
was considered of minor significance for the 
final computation of the results The 
heparin used w T as a Connaught preparation, 
containing 110 units per mg The dogs were 
anesthetized with morphine (10 mg per kilo) 
plus Dial (Ciba) in the dose of 0 16 ml per 
kilo of body weight When necessary, ether 
was used as a supplement The in vivo ex- 
periments were performed by taking a trac- 
ing of the carotid blood pressure and collect- 
ing several blood samples before and at vary- 
ing intervals after the injection of peptone 
The samples were destined (a) for a dupli- 
cate estimation of histamine by Code’s 
method, 10 (b) for determination of pro- 
thrombin time by Quick’s one stage method 11 

c Kochi c Silva, M , and Andrade, S 0 , Science, 
1945, 102, 070 

7 Jaques, L B , personal communication 

s Tagnon, H J , J Xoh 01 in Jlcd, 194-, 2i, 
1119 

o Ferguson, J H , Science, 1943, 07, 319 

to Code, C F , J Physiol , 1937, 80, 257 

li Quick, A J , The Hemorrhagic Diseases anil 
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Tima in ttvnvfes 

Fig 1 

Bog 3(>P Fat it shock Van itions in leuco 
afes, pi Octets md c irotid blood pressure Note 
ill it those i iriablcs went quickh to a Terr low 
la el iml remained so until death 

and fibrinogen, (c) for leucocyte counting, 
(d) for estimation of platelets volume by 
the method of the Van Ellen’s thrombo- 
cytocnt, 12 (e) for estimation of heparin by 
the protamine test, following the indications 
of Jaques and Waters 13 Data concerning 
fibrinogen are analyzed m a separate pub- 
lication Fibrinolysis was observed m the 
samples which clotted after addition of 
protamine, and the data indicated in the 
text refer to a period of 24 hours of observa- 
tion Perfusion experiments upon the iso- 
lated liver were performed according to the 
technic previously described 1 2 
Results In Table I and Fig 1 and 2 are 
indicated the variations in prothrombin 
time, histamine, leucocytes and platelets m 
13 dogs submitted to peptone shock At 
least 10 samples were taken at several in- 
tervals before and after the injection of 300 
mg of peptone per kilo of body weight From 
this considerable mass of data, those values 
were selected to show" the initial level, the 
maximum or the minimum for each variable 
and also the final x’alue, indicating the ca- 
pacity of each animal to recover from initial 
changes There was always a sharp decrease 
in leucocytes and platelets immediately" after 

the Physiology of Hemostasis, 1942, C C Thomas, 
< 4pi mg field 

i- V m Alien, 0 31, J" Lab Chn Meet, 1929,12, 
2S2 

13 Jaques, L B, and Waters, E T, J Physiol, 
1941, 09, 454 
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a more or less extensive fibrinolysis in sam- 
ples which clotted by adding protamine in 
suitable amounts Therefore we decided to 
make systematic observations upon this 
phenomenon m peptone shock, and tv'pical 
results are presented m Fig 3 When the 
animals received 2 or more injections of 
peptone, it was observed that fibrinolysis is 
maximal after the first injection moderate 
after the second injection and absent after 
the third injection It is obvious that this 
desensitizing effect occurring also with 
fibrinolysis, strongly suggests that the latter 
is concerned with the very' mechanism of 
the shock In control experiments, the i» 
vitro addition of large amounts of peptone 
directly to blood samples failed to produce 
any fibrinolytic eftect 
In discussing the results obtained with this 
“fibrmoly'tic protamine test, we might recall 
that Xolf 1 ^ had shown fibrinolysis occurring 
after peptone injection m the dog in those 
cases m which the liver was removed from 
circulation, or the circulation restricted to 
the upper part of the body, by ligating the 
inferior vena cava and thoracic aorta just 
above the diaphragm Since heparin is dis- 
charged from the liver it appears quite evi- 
dent that shunting off the liver from circula- 
tion would bring experimental conditions for 
production of fibrinolysis quite similar to 
those obtained in vitro by adding an excess 
of protamine Those facts substantiate the 
theory' that activated plasma trypsin might 
constitute a final mediator for the discharge 
of histamine and heparm from liver cells 
since that enzy'me is able to produce both 
effects, not only tn vivo, but also in experi- 
ments of liver perfusion 2 

Experiments oj liver perjuswn with peptone 
In the previous experiments performed with 
ascaris extracts it became apparent that the 
simple contact of the material with liver cells, 
when Tyrode solution was used as perfusing 
fluid, is unable to discharge histamine and 
heparm When total citrated blood was used, 
there occurred considerable retention of 
leucocytes and platelets and in one case, 
the discharge of histamine and anti-coagulant 

Xolf, P , Medicine , 1P3S, 17, 3S1 


was large enough to afford the conclusion that 
blood contains all the elements which are 
necessary to produce that discharge Quite 
similar results were obtained by perfusing 
dogs liver with peptone When Tyrode 
solution was used, even large amounts of 
peptone were unable to produce any reduc- 
tion m the perfusing flow or increase m the 
size of the organ Also histamine and heparin 
did not appear in the perfusates, even after 
30 to 40 minutes of perfusion with Ty rode -f- 
peptone However when total heparinized 
blood containing 1 to 3 g of peptone was 
substituted for the Tj'rode solution, imme- 
diately after the first portion of blood had 
passed, the flow was drastically reduced al- 
most to zero (only a few drops passed from 
an initial velocity' of 80 to 100 ml per minute) 
and the organ showed enormous increase m 
volume, almost doubling m a few minutes 
Counting of leucocytes and platelets before 
and after the passage through the organ 
showed enormous reductions In the case 
of the dog 60P for instance, the platelets 
that were very high (1 15%) at the begin- 
ning dropped to 0 20 and 0 05% immediately 
after addition of peptone and passage through 
the liver at the same time the leucocytes 
dropped from an initial level of 10 900 per 
cu mm to 1,000 and 900 per cu mm and those 
counts remained low for the duration of the 
experiment Also the perfusion rate fell to 
a very low level (a few cu mm per minute) 
so that the perfusion could not proceed since 
the organ was cold and dark indicating a 
complete lack of irrigation by the perfusing 
fluid In the drainage fluid (obtained by 
making sharp incisions in the organ, after 
stoppage of the perfusion) the leucocytes 
rose again to a high level (17 950 per cu mm) 
and the platelets volume went up to 0 85% 
•\s concerns the appearance of histamine and 
heparin m the perfusates when total blood 
was used as vehicle we have to emphasize 
that the amounts never were as high as should 
be expected from in vivo experiments Also 
fibrinolysis occurring in the perfusates could 
be observed only occasionallv and was not 
as striking as m tn vivo experiment From 
those facts we might conclude either that 
some extra-hepatic lactor contributes to rem- 



380 


Leucocytes, Platelets, Plasma Trypsin tn Peptone Shoce 



Samples Samples Samples Samples 

Fig 

i il>rninl\ sis uni htj> 1 rm discli irge during popiont sIkrK The cun os indicate tlic optimum amount 
of ]>iot inline to colmtcrnct the effect of the heparin present in simples t then it different stages of the 
slunk 'J he indiotid fibnnohsis w is obstned in the simples which clotted iftcr addition of the 
optinittm or higher imounts of prot inline 

per cu mm and 0 90% of platelets Similar in the intestinal tract, and this effect seems 
results were obtained in quite a few cases to depend upon a direct eflect of the enzyme 
and are definitely in accordance with the upon the vessels of that region, ivithout very 
idea that the liver behaves like a filter for much relationship to the stasis and drop m 
the white blood elements, during peptone carotid blood pressure 

shock Activation oj plasma trypsin in peptone 

The data presented in 'I able I show a shock As mentioned previously, estimation 
definite relationship between the discharge of plasma trypsin during anaphylactic shock 
of histamine and of anti-coagulant and the in the dog showed that the changes were 
seventy of the shock Hence, fall in carotid exactlv the reverse of those we might expect 
blood pressure, drop m leucocytes and platelet from the assumption that disintegrated blood 
volume, discharge of histamine and heparin, elements might activate this enzyme inside 
as well as the gross appearance of the liver the liver parenchyme There was consistently 

by direct inspection, constitute the variables a drop in both free and total trypsin, some- 

that must be considered in describing what correlated to the severity of the shock 
anaphylactic and peptone shock in the dog This was interpreted as resulting from the 
All of them appear to run quite parallel and discharge of heparm or anv anti-tryptic 
this fact affords considerable evidence point- heparin-like substance In peptone shock, 
mg to the idea that they are fundamentally however, we had frequently observed many 
interconnected Besides those 6 variables, intriguing phenomena which could only be 
we have to consider hemorrhages to the in- interpreted by assuming that plasma trypsin 
testmal mucosa, leading to bloodv diarrhea, is actually activated Sometimes, after the 
and activation of plasma trypsin, as indicated injection of peptone, the blood clotted very 
by the observation of fibrinolysis occurring quickly (1' to 2') and in one instance it even 
after addition of protamine, as will be con- clotted while pipetting into the tubes con- 
sidered in the next paragraph We now have tammg protamine (dog 49P), after a short 
indications that the occurrence of hemor- while the dots redissolved While doing those 
rhages to the intestinal mucosa might also be a experiments, I received a note from Dr L B 
consequence of the activation of a tryptic Jaques, with the illuminating statement that 
enzvme since trypsin given to normal or m his experiments with the protamine test in 
heparinized dogs, can produce hemorrhages anaphylactic shock, there frequently occurred 
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the children proved to be illegitimate 
In determining to which of the S Rh types 
an individual belongs, tests are made with 
antisera for factors Rh 0 , Rh' and Rh" 
(Wiener 0 ) Levine 7 was the first to point 
out that Rh-negative blood is not merely 
characterized by its failure to clump in anti- 
Rh sera because such blood was agglutinated 
b\ an antiserum obtained by him from an 
Rh-positive mother of an erythroblastotic 
infant The factor detected by Levine in 
Rh-negative blood seemed to be reciprocally 
related to Rh, and so he named this new 
factor Hr In England, Race and Taylor 8 
under similar circumstances encountered a 
serum which also agglutinated all Rh-nega- 
tive bloods but gave 80% positive reactions 
instead of 30% as reported by Levine The 
British workers designated their factor as St 
after the first 2 letters of the patient’s name 
\\ lener ct al - showed that Hr and St were 
identical and pointed out that the difference 
in the number of positive reactions was due 
to the low titer of Levine’s serum which 
therefore failed to react with heterozygous 
bloods 

As Race ct al 5 have shown, the Hr (or St) 
factor is present in the agglutinogens de- 
termined b\ the genes Rh?., Rh 0 , Rh" and rh 
but absent from the agglutinogens determined 
b\ genes R/ii and Rh' (cf Wiener 10 ) There- 
fore, the original or standard Hr factor is 
related to factor Rh' as hi is related to N - 11 
To indicate this fact, we 1213 suggested to 

3 Sonn E B, and Wiener, A S , J Tiered, 
1945, 30 301 

i Wiener, A S and Sonn, E B, J Lai and 
Clin Med , 1943, 30, 395 

3 Wiener, A S , Pkoc Soc Exp Biol and Wed, 
1943 5 4 316 

oWiener A S,-4m 1 Clin Path , 1945, 15, 100 

" Levine, P , J Fed , 1943, 33, 656 

s Bace B B , and Taylor, G L , Saltire, 1943, 
152 300 

» Eaee B B , Tivlor, G L , Cappell, D T , 
and WcParlane, W X , Salure, 1944, 153, 52 

10 Wiener, A S J Am Med Assn, 1945, 127, 
294 

11 Levine, P , Science, 1945, 102, 1 

1- Wiener A S , and Sonn, E B, Aim A F 
Acad Sci , m press 

13 Witner, A S, Science, 1945, 102, 479 


designate the standard Hr factor simply as 
Hr' This latter designation will become in- 
creasingly desirable m the future, especially 
since Fisher 14 suggested that there are 3 
factors m Rh-negative blood, each reciprocally 
related to one of the 3 Rh factors To date 
we have studied 3 different Hr antisera and 
all of these (like the original Hr serum of 
Levine, and of Race ct al ) corresponded to 
anti-Hr' or standard anti-Hr Mourant 1 " has 
recently encountered a serum giving reac- 
tions corresponding to those predicted for 
anti-Hr", but to date no serum has been 
found corresponding to anti-Hr 0 
Of the 3 theoretically possible anti-Hr sera, 
only anti-Hr' (or standard anti-Hr) is gen- 
erally available at present Fortunately, 
standard anti-Hr serum is the most valuable 
because it makes possible the subdivision of 
the most common Rh type, type Rh! The 
use of anti-Hr serum together with the 3 
anti-Rh sera enhances considerably the prac- 
tical value and theoretical interest of heredity 
studies on the Rh blood types Race ct al 16 17 
and Stratton ls have published family studies 
on the Rh blood types in which Hr tests 
were also performed 

The purpose of this report is to present 
our recent experiences m family studies on 
the hereditary transmission of the Rh blood 
types and the standard Hr factor We shall 
take this opportunity also to introduce some 
improvements in the nomenclature made pos- 
sible by recent advances in our knowledge 
of this subject 

Materials and Methods The blood samples 
tested in our heredity studies were derived 
from clinical material sent to us for diag- 
nostic Rh tests m cases where it was sus- 
pected that one or more of the children m 
a family had congenital hemolytic disease 
(erythroblastosis fetalis) This accounts for 
the abnormal distribution of the Rh blood 

ii Fisher, B A , cited bv Bice, B B , Xature, 
1944, 153, 771 

13 Mourint E, Xature, 1945, 155, 542 
ic Bice B B , Tivlor, G L , Ikin, E W , and 
Prior, A W Ann Luq 1944, 12, 206 

it Bice, B B , Tivlor, G L Ban E l[,md 
Dobson, A M , Ann Luq 1945, 12 261 
is Stritton F, Ann Fug 1945 12, 250 
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force actuation of plasma trypsin as it oc- 
curs m vivo, or that the conditions of the 
perfusion experiments only exceptionally re- 
produce the conditions of the phenomenon 
as it occurs in vivo Although those pos- 
sibilities will be considered m future experi- 
ments, we can draw certain conclusions from 
the perfusion experiments concerning the 
mechanism of the preliminary phases of the 
shock, namely constriction of hepatic veins 
and retention of leucocytes and platelets in- 
side the organ, these constituting the main 
factors for the enlargement of the organ and 
stasis in portal region The importance of 
this retention was further proved in those 
experiments in which Tyrode was used as 
perfusing fluid and also in 2 other experiments 
in which the blood used for perfusion was 
extremely poor in white blood elements In 
those cases, there was very slight diminution 
of flow, m contrast with the almost complete 
stoppage of the circulation when the white 
blood elements were high enough in the per- 
fusing heparinized blood 

Conclusions From the results described 
in this paper, it appears evident that peptone 
produces shock m the dog by a mechanism 
verj similar to that leading to anaphylactic 
shock Participation of the white blood ele- 
ments (leucocytes and platelets) m the dis- 
charge of histamine and heparin from liver 
cells is definitely suggested by the fact that 


the severity of the shock is closely connected 
with the incapacity of those blood elements 
to return to blood stream, and also bv ex- 
periments with isolated liver, in which it be- 
came apparent that peptone is unable by 
itself to release those substances from liver 
cells, and that the presence and retention of 
blood elements (leucocytes and platelets) is 
an indispensable step leading to the discharge 
of those substances That the final mediator 
for the release of these substances is activated 
plasma trypsin is strongly suggested by the 
fact that platelets contain a kinase for plasma 
trypsin and that there actually occurs activa- 
tion of this enzyme, as showrn by fibrinolysis 
occurring after the injection of peptone Also 
the fact that fibrinolysis is maximal after the 
first injection of peptone, moderate after a 
second injection and minimal or absent after 
a third injection, constitutes strong evidence 
that activation of plasma trypsin is actually 
concerned in the mechanism of production 
of the shock and that desensitization which 
occurs m those kinds of shock is probably 
dependent upon exhaustion of the capacity 
for activation of plasma trypsin Experiments 
upon those lines are being actively conducted 
m this laboratory 

Me line to think Di Milson T Beialdo, of 
flic I’aaith of Mcditme of S'to Paulo, for help 
gum in, the list pluses of this work, suit Hr 
T nine Fui 17 , who untie Uucoc\tc md plitelet 
cstim itions 
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with 463 children Only 2 apparent e\cep- 
tions to Wiener’s theory 5 of 6 major allelic 
genes were encountered, and m both cases 
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tab LB i 

Tin. Bli Blood Types inul Subtypes * 

Beictions with sor il Be utions, with ser it 

Rh blood , , t 

types Anti Anti Anti Anti Anti Bli 

Bli' Bh" Bh 0 Gi iiotypcs Hr’ Ilr" subtypes 


rh 
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* Dois not imludc Wi f or tlio inUnnuli itc Bh blood types, or the reutions with tin hypothetical scr 
um anti Hr,, 

t Anti Blio is the st ind lrd inti Bli «crum (85% positive) , inti Hr’ is the stnulird anti Hr scrum 
(80% positivi ) 

4 These friquenms run c ilcuhtul on the bows of the 0 gem, theory Ml oilier frequencies given 
were a< tu illv observed \11 bl' bloods were listed with niti Bh', inti Bli", mti Rh 0 and anti Hr' son, 
inti Hr' si rum w is not i\ ul ible to us 

5 There vuif 3 bloods giving .itypieil reactions, niinclv, one of type BlijBh r nnd 2 mtcrmedntcs 


types among the parents, in particular the 
high percentage of Rh-negative mothers A 
random senes of blood samples from male 
professional blood donors was also examined, 
for use as an index of the distribution of 
the Rh blood types among Caucasian indi- 
viduals m New York City With only a few 
exceptions, all blood samples were obtained 
by venipuncture, 5 cc of blood were mixed 
with powdered potassium and ammonium 
oxalate in a small lest tube The tubes con- 
taining the oxalate powder were prepared in 
the same way as for the Wintrobe-Landsberg 10 
sedimentation test 

The tests were carried out within 24 to 48 
hours after the blood was drawn, the blood 
samples being kept in the refrigerator in the 
interim Blood group, subgroup and M-N 
tests were performed on every specimen by 

“mviiitiobc, Tt M, md Landsberg, 3 W, 
Am 7 3fnl -Vi , J935, 102 


the well-slide method as described elsewhere *° 
For the Rh and Hr tests, all blood suspensions 
were washed once with saline solution and 
the tests were set up in small tubes as al- 
ready described 1 21 

Nomcuclaljirc The recent work with anti- 
Hr' and anti-Hr" sera makes desirable cer- 
tain changes and improvements in the 
nomenclature Naturally such changes should 
be kept to an absolute minimum, and it must 
be emphasized that the recent results have 
merely added to our knowledge and not 
changed our previous conclusions The im- 
proved nomenclature is presented in Table I 

Fihstly, m regard to the Rh blood types, 
it is proposed to substitute the simple de sig- 

Sul ill C C Thom is, Spimgfield, 111, 1945 

jth, o„o, \ S, Zepeda, T P, Son, L B, 
i, id Bob v hi, H B, * 3trd, 1945, SI, 559 
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TABLE III 

Summary of Family Material of Tabic II 
Xo of children of types 

Xo of r- 
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0 

2 

4 

Rho X Rh,Rha 

6 

0 

4 

4 

0 

0 

0 

8 

Rh,Bha X Rh,Rhn 2 

0 

0 

1 

1 

0 

0 

4 

RhiRhn X rh 0 

1 

0 

1 

0 

0 

0 

0 

1 

Rh 2 X Rh' 

1 

0 

0 

1 

0 

0 

0 

1 

Totals 

109 

21 

105 

35 

6 

4 

0 

173 


nation “rh”t for the more cumbersome “Rh 
negative ” The small “r ’ is used to indicate 
that type rh is recessive to the other Rh 
blood types For type rh 0 the capital letter 
is no longer used, m order to indicate that 
this type has the same position m relation 
to types Rhi, Rh 2 and RhiRh 2 as type rh 
has in relation to types Rh', Rh" and Rh'Rh" 
When the reactions of the anti-Hr' serum 
is taken into account, types Rh* and Rh' 
are both subdivided into 2 types Only 
bloods with a double dose of the Rh' factor 
are Hr' negative, and to indicate this Hr'- 
negative blood of type Rh x is designated as 
subtype RhiRhj and the corresponding 
subtype of type Rh' is designated Rh'Rh' 
Blood of type Rlu reacting with Hr' anti- 
serum is designated as subtype Rhirh, the 
corresponding subtype of type Rh' is desig- 
nated Rh'rh With the aid of anti-Hr" 
serum similar subtypes can be distinguished 
m types Rh 2 and Rh" The advantages of 
the names for the subtypes proposed b\ us 
are their simplicity and the lack of ambiguity 
so that they cannot be confused with the 
names of the 8 Rh blood types or the 

genotypes 

t In gumg the names of the Bh blood types 
verbalh , it is not necessary to use the expressions 
“large Rh” or “small Rh” as the case may be, 
but merely to saj “Rh,” because the dis 
tmguislung subscripts and superscripts for the 
i irious types lemove anv danger of ambiguity 


Our previous designations 22 tor the 6 
standard Rh genes have been criticized be- 
cause the use of the subscripts for some of 
the allelic genes does not conform with the 
practice of geneticists Another possible ob- 
jection is that the use of the same symbol 
for the gene and corresponding agglutinogen 
could cause uncertainty in some cases as 
to whether the genotype or phenotype was 
intended, even though italics is used for the 
gene symbols These objections are both 
met by the new designations of the genes in 
which only superscripts are used and the let- 
ter “h” has been dropped as suggested by 
British workers 1 Thus, the new designa- 
tions have the advantages of extreme sim- 
plicity, lack of ambiguity and conformity with 
genetic nomenclature 

The omission of the “h” from the designa- 
tions of the genes makes it possible to use 
without danger of confusion the symbols 
Rh and rh when discussing the heredity of 
the Rh factor in general (factor Rbo), for 
example, when presenting the theory of Land- 

22 Wiener, A S , Science, 1944, 99 532 

} The new simplified gene symbols, except for 
rO, are the same as those approied lw the ma 
lonti of the members of the American Committee 
on Nomenclature of Blood Group Genes (W C 
Boid, chairman, Th Dobzhanshv, P Lenne, L H 
Snider, H H Strandshov and A S Wiener) as 
well as the British Committee (R A Fisher, E B 
Foord, K Mather and R R Race) 
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TABLE II (Continued) 

F innh Children 

Xo Either Mother , 


GO BMHli,Hi + 

61 AjMXRh,Hr-}- 
G2 OMRhjHr— 

03 OMRhjHr— 


64 OMXRh, Rh-.Hr-}- 
6,1 AjMXRlijIIr — 

GO AjMXRhoIIr-j- 

67 A,XRhjHi + 

68 BXRhjEhnHr-f- 

69 BMRUjRh-.Hr 4- 

70 OMXRh, RhoHr-f 


71 

72 

73 

74 

75 

76 

77 

78 

79 

80 
81 


82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 } 

93 } 

94 

95 

96 

97 

98 

99 
100 
101 
102 

103 

104 

105 

106 

107 

108 
109 


A,XRh, RhoHrd- 

AjXRhjHH- 

AjBXRh 1 Rh.,Hr-f 

OMRhjRh-.Hr-)- 

OMXRh-.Hr-)- 

OXRlijHr-}- 

AiMRhjRh-.Hr-}- 

OMRh 0 IIr-f 

BXRhjnr-)- 

OMRh,Rh.IIr-{- 

OMXRhjHr-L 


OXRhjTIr — 
AoMXRhjRh-. 
AjMXRh, nr— 
OMRhjRhn 

BMXRhjIIr-)- 
AjMXRhjHr— 
AjXRhjHr-f- 
AjXRlio 
AjMRhj 
BMXRhj 
BMRh— 
AoMRh, 
OMXEhjRh-. 
OMRhj 
Y,MRh — 
OXRhjRho 
AjMXRlij 
OMRh-. 
AjMXRhn 
BMXRhj 
AjMRhj 
AjMXRhj 
AjMXRlijRho 

OMRho 


OXRh — IIr+ 
AjBMXRh — Hr-}- 
BMRhjHr — 
OMRh — Hr+ 


AoMXRU — Hr+ 
OMRh— Hr-}- 
AjMXRli — Hr-f- 
OMXRhjnr— 
OXRhjRh 2 Hr+ 

AjXRh— Hr+ 
AjMXRhjHr-}- 

OMRhjHr+ 
OMRhjIIr — 
OMRh-.Hr-)- 
AjMRh — Hr+ 
A,MRh— Hr+ 
OMXRhoHr-)- 

AjXRhjHr — 
BMRh — Hr+ 
BMRU'Hr-}- 
OXRh — Hr+ 
A-.MXRli — • 


AjMXRh— Hr+ 
A-.MRh— 
AjMXRh — Hr-f- 
AjMXRh— 

OMXRhjRh-.Hr-f- 

OMRh— Hr+- 

OMXRho 

AjMXRlijRho 

OMXRh— 

AMRh— 

AoBMRli— 

BilRh 0 

OXRh— 

AjMRho 

OXRh," 

OMXRh— 

OMRh., 

AjMRh — 

A, ; oMRhj 
AjBMRU— 
A->XRhj 
AjNRhj 
AMNRh — 

OMRh — 


AjMRhj 

BMRhjRho 

OMRh, 

AjMXRhj 


* First child m families 
| Stillborn twins 
} Daughter m family 93 
§ Twins 


BMXRli— 

VjMNRh-. 

AjMRh — 

AjMXRh — 

39 md 15 from foimer mirrnge of wife 
same is mother m family 92 


OMXRhjlli-)- J 
AjBMXRh— Hr+ 
OMRhjIIr — g 
OMRhjIIr-f- g 
OMRhjHr-f- 9 
OMRhjHr-f- $ 
OMRh, Hr-)- 9 
OYtXRh-.Hr-)- g 
AjMRhjllr-j- g 
OMXRh-.Hr-)- g 
AjMXRhjHr— 9 
BXRhjHr — g 
BXRh-.Hr-}- g 
OMXRln.Hr-)- g 
AjMRhjIlr — g 
OMRh,Rh-.nr-)- g 
AMXRhjIIr — 
OMXRh, Hr-}- g 
BMXRhjIIr-f- 
AjMRluHr-)- g 
AjMXRh-.Hr-)- g 
OXRli-.Hr-}- g 
OMXRhjHr-f- g 
OMXRh, Rh-.Hr-}- 
OMRh 0 Hr+"g 
BMXRh'IIr— 9 
OMXRh-. g 
AoMRh— g 
AoMXRhj 9 
AXRh — 9 
OMXRh, 9 
iVnMXRh-.Hr-)- g 
OMXRh, 9 
AjMRh,Hr-f g 
AnMRhjHr-f- 9 
BMXRhjHr — g 
Aj JIXRlij 9 
AjXRh-. g 
A, JfXRhn 9 
OMRh — g t 
AMRh 0 
BMRh— g 
4 -.BMRh— 9 
OXRh, 9 
OMRh— 
AjMXRh— 
OMXRhjg 
AMRhj 
AjMRhn 9 
AjMRh, 9 
BMRh, g 
AoSfXRhjg 
AjXRh, 9 
AjXRhn 

OMRlmg 
OMRhog 
OMXRh, g S 
BMRhn 9 
OMRh, 

OMXRlij g 


OYtXRhjHi -(- 9 


OMRhjHr-f 9 
OMRhjHr-f- 9 
OMRhjHr-}- g 

AnMXRhnHr-f 9 


OXRhjHr — g 

AjBMNRh,Hr+ g 
AjMXRlijRhoHr-f g 

AjMXRhjHr-)- 

OMXRhjHi + g 


AnMRh, 9 
AnMXRhj 9 

AjMXRhj 9 

AjMRhjHr-f 9 
A,MRh,Hr-(- 9 
A-,MXRhjHr-f g 
BMXRh, 9 


AjXRhj g 
AoMRhj g t 


AnBMRh — g 


AjMXRh, 
OMRhn 9 
OMXRh, g § 

OMRhj 9 
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TABLE V 

Sunini irv of Families on Which Hr Tests "Were Done 


Mating 

Xo of 
families 



Xo of eluhlren of txpes (or subtvpes) 


Totals 

rh 

Rhxrh 

RhjRhx 

Rh 2 

RhjRlij 

rh 0 

Rh'rh 

Rh’Rh' 

rli X rli 


o 

0 

0 

0 

0 

0 

0 

0 

f> 

rh X Rhjrh 

10 

5 

11 

0 

0 

0 

1 

0 

0 

17 

rli X RlijRHj 

13 

0 

24 

0 

0 

0 

0 

0 

0 

24 

rh X KIit 

z 

1 

0 

0 

0 

0 

1 

0 

0 

S 

rli X RlixKli> 

11 

0 

0 

0 

12 

0 

0 

0 

0 

IS 

rli X rh 0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

1 

Hbirli X Blixrli 

8 

I 

7 

3 

0 

0 

0 

0 

0 

12 

BUjtli X Itlij till i 

6 

0 

5 

3 

0 

0 

0 

0 

0 

S 

KliiRh, X RluRhi 

O 

0 

0 

O 

0 

0 

0 

0 

0 

o 

Rlil rli X Rli» 

3 

3 

3 

0 

1 

0 

0 

0 

0 

7 

Rh,rh X Rh,Rh, 

6 

0 

0 

4 

o 

4 

0 

0 

0 

10 

RhxRlix X RhiRlii 


0 

0 

1 

0 

1 

0 

0 

0 

2 

Rhxrh X Rh'rh 

o 

0 

0 

0 

0 

0 

0 

1 

1 

2 

RlixRhj X Rh rh 


0 

1 

1 

0 

0 

0 

0 

0 

<y 

Rho X RlnRli, 

1 

0 

3 

0 

o 

0 

0 

0 

0 

o 

Rho X Rh rh 

i 

0 

0 

0 

1 

0 

0 

0 

0 

i 

RhiRh, X Rh,Rho 


0 

0 

o 

1 

1 

0 

0 

0 

4 

rh() X RhiRh^ 

i 

0 

1 

0 

0 

0 

0 

0 

0 

1 

Totals 

si 

13 

01 

10 

10 

6 

3 

1 

1 

126 


on the other hand, in 10 matings rh X Rhirh 
with 17 children there were as many as 5 
children of type rh and one child of type rh 0 
The most unusual case is family Xo 79 
Here the father belonged to subtype Rhxrh, 
the mother to subtype Rh'rh, while the 
daughter belonged to subtype Rh'Rh' As 
shown m Table I, individuals of subtype 
Rhxrh may belong to any one of the 3 pos- 
sible genotypes, R'r, R r r n or R'r° In order 
for the couple m question to have a child 
of subtype Rh'Rh', it is evident that the 
father must belong to genotype R'r° 

Another interesting case is family Xo 45 
The mother belonged to type rh, her hus- 
band to type Rhxrh, the older daughter to 
type rh and the younger daughter to type 
rh 0 Obviously the husband could not be 
the father of both daughters so we concluded 
that the first child was probably the result 
of a former marriage When we called the 
mother bach for a private interview she told 
us that such was indeed the case and that 
she had not mentioned it before because she 
did not want to discuss the matter m the 
presence of her daughters 

Statistical Analysts In Table I is given 
the distribution of the Rh blood types and 
sub types in a senes of 645 Caucasians m 


Xew York City Since anti-Hr" serum was 
not available to us, the percentages of the 
subtypes of types Rh 2 and Rh" had to be 
computed on the basis of the 6-gene theory, 
but all the other frequencies listed were ac- 
tually observed In our experience to date 
we hare only encountered a single blood of 
the rare type Rh'Rh", and this was a blood 
sample sent to us by Dr L J Unger for 
confirmation It will be noted that one 
blood of the rare type RhxRh z and 2 bloods 
giving intermediate reactions were encountered 
in the present series The blood of subtype 
Rh'Rh' from family Xo 79 mentioned above 
is the only blood of this rare subtype that we 
encountered to date, no blood of this sub- 
type occurred m our random series of 645 
individuals 

The calculated gene frequencies based on 
the 645 random bloods, using the formulae 
given m a previous paper 1 are as lol- 
lows r — 35 9%, R r ~ 1 2% R" 
= 0 6%, r« = 2 5%, R 1 = 44 9% and R s 
= 16 9% 

Therefore, D = 100 — - 5U = — 2 0% 
PE d = ±08% 

Accordingly^, the findings agree satisfac- 
torily with the 6-gene theory This may' 
seem paradoxical because ft is now known 
that there are more than 6 genes in the Rh 
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TABLE IV 

Summ it's of Authors’ Family Studies to Date 


M iting 

Xo of 
families 



Xo of children of types 


Totals 

rh 

Rh, 

Rho 

RlijRlu rh 0 

Rh' 

Rh" 

ill X rh 

7 

38 

0 

0 

0 

0 

0 

0 

18 

rb X Blq 

82 

34 

122 

0 

0 

0 

0 

0 

1G3 

rh X lih_, 

21 

11 

0 

30 

0 

1 

0 

0 

42 

rli X Rh,Rho 

32 

U) 

30 

20 

0 

0 

0 

0 

GO 

rh X rh n 

4 

3 

0 

0 

0 

4 

0 

0 


ill X Rh' 

O 

1 

0 

(1) 

0 

0 

1 

0 

3 

rh X Rh' 

i 

1 

0 

0 

0 

0 

0 

5 

0 

X 

44 

7 

SO 

0 

0 

4 

1 

0 

9S 

Rh, X Rho 

28 

10 

20 

9 

18 

0 

o 

0 

50 

Rh, x Rli, Rho 

35 

0 

52 

10 

30 

0 

0 

0 

92 

Rh, x rli,, 

O 

o 

0 

0 

0 

0 

0 

0 

O 

Rh] X Rh' 

7 

0 

3 

0 

0 

0 

2 

0 


Rh, X Rh" 

•1 

1 

o 

0 

3 

0 

0 

0 

G 

Rh* x 

O 

1 

0 

4 

0 

0 

0 

0 

5 

Rhj x RlijRlm 

12 

0 

0 

12 

s 

0 

0 

0 

26 

Rh_. X rb„ 

O 

0 

0 

1 

0 

4 

0 

0 

5 

Rlu X Rh' 

1 

0 

0 

1 

0 

0 

0 

0 

1 

Rh.Rh, X Rli, Rho 

0 

0 

3 

O 

4 

0 

0 

0 

0 

RltjRli > X rh„ 

9 

0 

o 

i 

0 

0 

0 

0 

3 

RlijRhj X Rh' 

O 

0 

1 

l 

o 

0 

0 

0 

4 

rhn X Rh' 

1 

0 

0 

0 

0 

1 

1 

0 

2 

Totals 

300 

oo 

320 

101 

G3 

23 

7 

3 

G20 


Steiner and Wiener of the inheritance of the 
Rh factor as a simple Mendehan dominant 
Similarly, when discussing the genetic rela- 
tionship of factors Rh' and Hr’ one mav 
say, without danger of ambiguity, that these 
factors are transmitted by means of a pair 
of allelic genes Rh' and Hr' analogous to 
the genes M and N Similarly, if tests are 
made only with anti-Rh" and anti-Hr" sera, 
2 factors and 3 types would be distinguished 
which are inherited by a pair of allelic genes 
Rh" and Hr" 

Finally, the simplified nomenclature pro- 
posed here avoids the introduction of any 
new symbols or letters, like C, D and E, 
which are entirely foreign to the scheme of 
the Rh blood types 

Results Our list of family material is 
given in Table II 

First, it should be mentioned that there 
are no contradictions to the lay\s of inher- 
itance of the A-B-0 groups, A t -A 2 subgroups 
or M-N types It is of interest to note that 
one individual of subgroup A- was encountered 
in family No 89 

In Table III we have summarized the Rh 
tests without taking into account the Hr re- 
actions In a total of 109 families yvith 173 


children there is not a single exception to 
the theorv of 6 allelic Rh genes When these 
results are combined yvith our previously pub- 
lished findings, ive have to date a totals of 
300 families yyith 620 children tested for 
the S Rh blood types (cf Table IV) As 
has already been mentioned, the 2 apparent 
contradictions to the theory yyere encountered 
in our previous studies and both proved to 
be due to illegitimacy 

In Table V are summarized the families 
in yvhich Hr tests yyere carried out in addi- 
tion to the Rh tests It yvill be seen that 
when either or both parents belonged to type 
rh, rh () , Rh. or Rh", none of the children 
belonged to subtype RhiRhj or type Rh'Rh", 
on the other hand, yvhen either or both par- 
ents belonged to subtype Rh,Rh,, none of 
the children belonged to type rh, rh 0 , Rh 2 or 
Rh" This confirms the theory that factors 
Rh' and Hr' are related to each other as M 
is to N In 13 families rh X RhiRhj all 
24 children belonged to subtype Rh,rh m 
conformity with the theoretical requirements, 

« In T ible IV, the Bl),Rho X Rh,Rho lintmgs 
from out yen first study l hue been omitted 
beenise tlusc 'I J1|H 'i I ed to conttin some tcehnicil 
i i rors 
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TABLE V 

Suninnrs of Families on Winch Hr Tests Were Done 


Mating 

Xo of 
families 



Xo of children of types (or subtvpcs) 


Totals 

rh 

Rhjrli 

RhjRhj 

Rh 2 

RhjRh; 

: r,l o 

Rh'rh 

Rh'Rli' 

rh X rh 

1 


0 

0 

0 

0 

0 

0 

0 

o 

rh X Rliph 

10 

o 

11 

0 

0 

0 

1 

0 

0 

17 

rh X RhjRhj 

13 

0 

24 

0 

0 

0 

0 

0 

0 

24 

rh X Rh . 

5 

1 

0 

0 

0 

0 

1 

0 

0 

8 

rh X RhjRh . 

ii 

0 

G 

0 

12 

0 

0 

0 

0 

18 

rh X rh 0 

i 

0 

0 

0 

0 

0 

1 

0 

0 

1 

Rlijrh X Rhjrli 

s 

■) 

7 

3 

0 

0 

0 

0 

0 

12 

Rhirh X RhiRht 

6 

0 

0 

3 

0 

0 

0 

0 

0 

8 

Rh,Rh, X BhiRlii 

2 

0 

0 

O 

0 

0 

0 

0 

0 

O 

Rhjrli X Rh» 

3 

3 

3 

0 

1 

0 

0 

0 

0 

7 

Rh,rh X RhiRhi 

G 

0 

0 

4 

2 

4 

0 

0 

0 

10 

BliiBlh X RluRlio 

O 

0 

0 

1 

0 

1 

0 

0 

0 

-> 

Rhjrli X Rh’rh 

o 

0 

0 

0 

0 

0 

0 

1 

1 

o 

BhjRhj X Rh'rh 

o 

0 

1 

1 

0 

0 

0 

0 

0 

o 

Rhn X Rio Rhi 

4 

0 

3 

0 

o 

0 

0 

0 

0 

o 

Rh , X Rh rh 

1 

0 

0 

0 

1 

0 

0 

0 

0 

i 

RhjRtio X RhjRhn 

> 

0 

0 

o 

1 

1 

0 

0 

0 

4 

rli 0 X RhjRIu 

i 

0 

1 

0 

0 

0 

0 

0 

0 

1 

Totals 

si 

13 

G1 

1G 

23 

G 

3 

1 

1 

12G 


on the other hand, m 10 matings rh X Rhirh 
with 17 children there were as many as 3 
children of type rh and one child of type rh„ 
The most unusual case is family Xo 79 
Here the father belonged to subtype Rhirh, 
the mother to subtype Rh'rh, while the 
daughter belonged to subtype Rh'Rh' As 
shown m Table I, individuals of subtype 
Rhirh may belong to any one of the 3 pos- 
sible genotypes, RV, RV or RV° In order 
for the couple in question to have a child 
of subtype Rh'Rh', it is evident that the 
father must belong to genotype R'r° 

Another interesting case is family Xo 43 
The mother belonged to type rh, her hus- 
band to type Rhirh, the older daughter to 
type rh and the younger daughter to type 
rh 0 Obviously the husband could not be 
the father of both daughters so we concluded 
that the first child was probably the result 
of a former marriage When we called the 
mother bach for a pm ate interview she told 
us that such was indeed the case and that 
she had not mentioned it before because she 
did not want to discuss the matter in the 
presence of her daughters 

Statistical Analysis In Table I is given 
the distribution of the Rh blood types and 
subtypec m a series of 645 Caucasians in 


Xew \orh City' Since anti-Hr" serum was 
not available to us, the percentages of the 
subtypes of types Rh 2 and Rh" had to be 
computed on the basis of the 6-gene theory, 
but all the other frequencies listed were ac- 
tually observed In our experience to date 
we have only encountered a single blood of 
the rare type Rh'Rh", and this was a blood 
sample sent to us by Dr L J Unger for 
confirmation It will be noted that one 
blood of the rare type RhjRh z and 2 bloods 
giving intermediate reactions were encountered 
in the present series The blood of subtype 
Rh'Rh' from family Xo 79 mentioned above 
is the only' blood of this rare subtype that we 
encountered to date, no blood of this sub- 
type occurred in our random series of 645 
individuals 

The calculated gene frequencies based on 
the 645 random bloods, using the formulae 
given m a previous paper 1 are as fol- 
lows r = 35 9%, R' = 12% R" 
= 0 6% r 0 = 2 5%, R 1 = 44 9%, and R- 
= 16 9% 

Therefore, D = 100 — 5 R = — 2 0 % 
PE D = ±0 8% 

Accordingly , the findings agree satisfac- 
torily with the 6-gene theory This may 
seem paradoxical because it is now known 
that there are more than 6 genes m the Rh 



390 


Pathogenesis of Er\ throblastosis Fetalis 


allelic senes 23 The explanation is that the 
other genes are quite rare The observed 
value for the frequency of type RhiRJi! 
(20 2%) agrees closely with the theoretically 
calculated value (20 0%) under the theory 
that factor Hr' is related to factor Rh' as 
31 is related to N 

As has been pointed out 13 the Hr factor 
considerably increases the chances of exclusion 
m cases of disputed parentage On Jan 31, 
1946, one of us (W ) testified m a case be- 
fore the Court of Special Sessions of New 
York County, m which the defendant was 
excluded because he belonged to subtype 
RhjRhi while the child belonged to type Rhj 
This case was tried before a very progressive 
Bench comprising Judges Nathan Perlman, 
John B Flood and Irving Ben Cooper 

- 1 Wiener, A S, Science 1945, 100, 393 


Though this was the first time an Rh-Hr 
exclusion was presented in a courtroom, the 
defendant was acquitted, primarily on the 
basis of the blood test findings 

Summary New additions to and further 
simplifications of the designations of Rh blood 
tvpes, subtypes and genes are proposed m 
order to encourage the more general use of 
the Rh and Hr tests by medical men and 
geneticists 

Investigations on the hereditary transmis- 
sion of the 8 Rh blood types in 300 families 
with 620 children yielded results m conformi- 
ty with the theory of 6 major allelic genes 

Studies on the Hr factor m 81 families with 
126 children and on a random series of 645 
Caucasians in New York City fully support 
the theory that factors Rh' and Hr' are re- 
lated to each other genetically and serological- 
ly like the agglutinogens 31 and N 
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Pathogenesis of Erythroblastosis Fetalis * 

Alexander S Wiener 

r rorn the Lettish Hospital of Brool lyn, X X , and the Office of the Chief Medical Examiner 

of Xew TorJ City 


The present accepted theory of isoim- 
munization in pregnancy' as the cause of con- 
genital hemolvtic disease does not explain 
the manifold clinical manifestations, nor why 
in the majority of cases no abnormal lsoag- 
glutmms can be detected m the maternal 
serum, nor why in some cases where the 
maternal serum contains potent agglutinins, 
the infant is perfectly normal though its red 
cells contain the specific agglutinogen These 
puzzles have been solved by the discovery 1 2 3 
that individuals sensitized to agglutinogens 

* Aided In a grant from the United Hospital 
Fund of Now York City 

l Wiener, A S,Proc Soc Exp Biol k\d Me d, 
1044 50, 173 

2 Wiener, A S, J Lai) and Clin Med, 1945, 
30, 6S2 

SWienu, A S , J Lab and Clin Med, 1945, 
30, 0 57 


such as Rh, Hr, A, B, etc , may form 2 
sorts of antibodies, namely, agglutinins 
(bivalent antibodies) and/or blocking anti- 
bodies or glutimns (univalent antibodies) 
The clinical manifestations depend on the 
type of isoantibody present in the maternal 
serum, so according to the present writer’s 
theory erythroblastosis fetalis comprises 2 
disease syndromes instead of only one The 
characteristics of these disease syndromes and 
the author’s proposed terminology are as fol- 
lows 

(1) Congenital hemolytic disease This 
syndrome is caused by the presence m the 
maternal serum of univalent antibodies spe- 
cific for the fetal red cells When only 
small amounts of antibody get into the fetal 
circulation, the infant is born alive, but de- 
velops an anemia w'hich readily responds to 
proper transfusion therapy When larger 
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amounts ate present in the maternal serum, 
so that more passes into the fetus, the process 
progresses further in vtcro until the degree 
of anemia is such that anoxemia of the capil- 
lary walls permits exudation of serum pro- 
teins into the tissue spaces A still- 
birth results, or a living infant with hydrops, 
an almost invariably fatal condition In 
these “pale’ cases the characteristic pathologi- 
cal findings are marked pallor, ascites, 
anasarca, splenomegaly, hepatomegaly, and 
microscopically extramedullary islands of 
hematopoiesis m the liver and spleen and 
hemosiderosis of the liver and spleen 

(2) Erythroblastosis proper Since ag- 
glutinins are presumably larger molecules 
than blocking antibodies, these only rarely 
traverse the placenta during pregnancy Dur- 
ing labor and delivery, however, increased 
intrauterine pressure may milk agglutinins 
into the fetal circulation In such cases, 
physical examination of the newborn infant 
reveals no abnormality at first, but within 
a few hours a deep jaundice, with little or 
no anemia supervenes, the infant takes its 
feedings poorly, becomes stuporous, may have 
convulsions, coma and death usually super- 
vene The syndrome is due to the agglutina- 
tion of the fetal red cells with the formation 
of agglutination thrombi in the smaller ves- 


sel and resulting damage to the liver and 
bram, in particular Postmortem examina- 
tion of such “toxic” cases shows generalized 
icterus, splenomegaly, and hepatomegaly, 
microscopically agglutination thrombi m the 
vessels of the brain are readily demonstrable 
Thus, kermeterus is not caused by the jaun- 
dice per sc, but represents an in vivo staining 
reaction of ganglion cells damaged bj inter- 
ference with the circulation Fortunately, 
only few infants with this syndrome survive 
Those that do are susceptible to the develop- 
ment of signs of a severe neurological dis- 
order, characterized particularly by choreo- 
athetosis, often associated with mental de- 
ficiency, and cirrhosis of the liver 
The new concept of 2 distinct clinical 
entitites instead of one has important im- 
plications m the prognosis, treatment and 
prophylaxis of the 2 disorders It is now 
evident that the statement that modern trans- 
fusion therapy may only serve to save infants 
for the worse fate of mental deficiency is 
misleading, because m the author’s experi- 
ence all of 20 infants saved by such treat- 
ment have developed into perfectly normal 
children Fortunately, the infants with the 
syndrome of erythroblastosis who are apt to 
develop mental deficiency as a sequel rarely 
survive 
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Antibiotic Activity of Extract of Western Red Cedar Heartvvood 


Chester M Southam * (Introduced by B C Seegal ) 

From the Departments of Bacteriology and of Anatomy, College of Physicians and Surgeons, 
Columbia University, A'eio To rk City 


It is common knowledge that certain woods 
are highly resistant to decay One such wood 
is western red cedar ( Thuja plicata D Don) 
which when extracted in hot water yields a 

* Tlic author vislies to thank the many people of 
the Columbia University College of Physicians and 
Surgeons nho bv encouragement and ready co 
operation lmi made this study possible He is 
tspcunlh indebted to Dr E T Engle of the 
Department of Anatomy 


substance antibiotic to wood-destroying 
fungi 1 2 3 The present paper is a study of 
the activity of this matenal against micro- 
organisms pathogenic to man 

The hot water extract of western red cedar 

1 Schmitz, H , Idaho Forester , 1922, 4, 46 

2 Sovrder, A M., Ind and Eng Chem , 1929, 21 
9S1 

JSontham, C AI, ard Ehrlich, J, Phytopaih , 
1942, 83, 517 
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table i 

Growth of Virions B ictena on Buffered Nutrient Agn r Cant lining Western Bed Cedir 
Extnet *■ 


Org imsm 

Concentration of t\ RC extract in medium 

/ * — — ^ 

r >~mg% Tiding# 102 mg# 

Streptococcus lirmoliitxcus (loA) 

0 

o 

o 

" ” (C203) 

0 

n 

0 

" urttfam 

++ + 

++ 

++ 

” frenhs 

++ + 

4-4- 

++ 

Staphylococcus aureus (Oxford) 

+ + + 

+ 

0 

” ” (BD) 

” albiis 

++ 

+ 

++ 

0 

++ 

0 

Baal/ us subtil is 

+ + 

++ 

0 

Cnri/ncbacttriuin trerosr 

0 

0 

o 

tfiliobacterium tuberculosis (1137) 

+ + + + 

++++ 


” smeymat is 

+ + 4-+ 

++++ 

not tested 

Klebsiella pneumoniae 

-j — i — i — f- 

-f-f -f 

+ + 

1 berthclla ii/pliosa 

+4-4- 


+ 

Salmonella sclintlmullcri 

4-4-4- 

++ 

+ + 

” pitrat i/phosa 

+4-4-4- 

-f-f- 4- 

++ 

Slnoclht < hfscntcnac 

0 

0 

0 

’’ sonnet 

0 

0 

0 

” paradi/senltnar 

0 

0 

0 

f sch ci irliin enh (eoimmis) 

++++ 

+ +++ 

+ + + 

” ” (hemohlltus) 

++++ 

4- 4- 4- 

+++ 

Alenl ip cues fccahs 

0 

0 

0 

Proteus utloarts 

++ 

++ 

+ 

” ” (0\14) 


++ 

4* 

Pseudomonas aaumnosa 

++++ 

++++ 

+++ 


* 


++ + + 
4 - 4 - 4 - 
+ + 
4 - 
0 


iiidicntes grow tii equal to tint on control plates 

” ” distinctly but not marhedh less tlnn on control plates 

” ” nnrhcdh inhibited 

” ” of a few colonies onlr 

” no growth 


heartwood (hereafter designated WRC ex- 
tract) was prepared by covering freshly made 
cedar saw dust t with distilled water, and sim- 
mering for 48 hours The crude filtrate from 
this decoction was used in all tests Con- 
centration is expressed as mg of total solids 
per 100 cc of solution (mg%) This method 
is inaccurate because there are probably inert 
compounds in the extract, and because batches 
of extract from different trees have shown 
as much as fourfold differences in antibiotic 
activity in a given concentration t Most 
figures reported here were obtained with a 

t W ood supplied hi B J C irnea & Co , Spokane, 
Washington 

*WRC extract concentrations hoc boon re 
ported in terms of g of n ood lepicsentcd per 
300 cc of extract by South tm and Ehrlichs A 
“10#’’ concentration, as nsed m that publica 
tion had ipproximatclT the same antibiotic ac 
tmtv as a -“100 mg %” concentration in the 

present study 


single batch of extract made in 1945 In 
some of the studies with bacteria another 
less effective, batch of extract was used, but 
such data have been recorded as those con- 
centrations of the 1945 batch having an equal 
antibacterial activity 

The media used were prepared by making 
a stock beef infusion broth or agar twice as 
concentrated as usual, and containing disodium 
and monosodium phosphates to give a pH 
of 7 2 and a concentration of 0 04 molar phos- 
phate Just before use the desired amount 
of WRC and enough additional water to 
double the original volume of the medium 
was added Buffering was necessary to 
eliminate antibiotic activity due solely to 
the acidity of the \\ RC extract As prepared, 
the reaction of the media varied from pH 
7 2 with low concentrations of extract to 
a maximum acidity of pH 6 6 with the highest 
concentrations of extract The solid media 
were streaked with 24-hour broth cultures 
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TABLE II 

Growth of Fungi m ^Xledia Containing 3YRC Extract (Sxmbols explained m Table I) 


Concentration of WBC extract m media 

r 

Buffered medium 


Unbuffered medium 

\ 

r 




"" — s 

Culture 

57 115 162 

S45 

lo 20 57 

115 


Fungus 

No 

mg% 

mgCo 

mg% mg% 

mg% 


mg% 

mg9b 

Crvptoeoccus ncoformans 

1473 

+ 

0 

0 

0 

+ 


0 

0 

u 

3 

+ + + 

++ 

+ 

+ 

4 — f--j- 

+++ 

0 

0 

Candida albicans 

21 

+++ + 

++ 

+ 

0 

++++ 

4 — f~4-+ 

+++ 

0 

JJ > 1 

n 

+ + + 

+ + 

+ + 

0 

+ + + + 

+4-4-4- 

+++ 

0 

11 i> 

’i 

+ + + + 

+ + + 

+ 

0 

+ + + + 

+ 4 — 1 — b 

+++ 

0 

11 1 J 

24 

+ 4-4-4- 

+++ 

+ 

0 

+ + + + 

+++4- 

++ 

0 

Tnehoplnito j* gypseum 

25 

+ + 

++ 

0 

0 

+ + + 

++ 

0 

0 

11 > 

26 

+ 

+ 

0 

0 

+ + + 

++4- 

0 

0 

91 purpurcum 

27 

+ + 

+ 

0 

0 

+ + + 

++ 

++ 

0 

n a 

2S 

+ + 

+ 

0 

0 

+ + + 

++ 

0 

0 

a ii 

29 


+ 

0 

0 

+ + + + 

++++ 

0 

0 

hindcrmophyton floccosum 30 

4- 

+ 

0 

0 

4- 4-4-4- 

+4-4-4- 

+ 

0 

Iftcros/iorum feUncum 

31 

+ + 

++ 

0 

0 

+ + + 

+ + 

0 

0 

93 audomni 

33 

+ + 

+ 

+ 

0 

+ + + 

++ 

0 

0 

a a 

34 

+ + 

0 

0 

0 

+++ 

++ 

+ 

0 

a a 

35 

+ 

0 

0 

0 

+ 

+ 

0 

0 


of the test organism Liquid media were 
inoculated with 0 1 cc of an undiluted 12-hour 
broth culture of the test organism Degree 
of growth after 24 hours incubation at 37°C 
on WRC containing media is as estimated by 
comparison with growth on control medium 
Gross th was recorded as normal (++++), 
slight stasis (+++), marked stasis (-j — h)> 
very slight growth (+), and no growth (0) 
Myc tuberculosis and Myc snicgmaiis were 
grown m test tubes on glycerol-agar con- 
taining WRC extract and were incubated 
for 8 weeks, and 4 days, respectively 
Santon’s synthetic liquid medium containing 
MRC extract was inoculated with bits of 
3-week-old pellicle of Myc tuberculosis and 
incubated 4 weeks § 

Degrees of growth of a variety of bacteria 
on agar media in the 3 concentrations of W RC 
extract tested are recorded m Table I It 
will be seen that there is no relation between 
stammg reaction or morphology of the or- 
ganisms and their susceptibility to the anti- 
biotic action of WRC extract There is great 
variation in susceptibility among different 
species Results similar to those recorded 
were obtained by using liquid medium plus 
WRC extract 

f Tests using Santon ’s medium were conducted 
hi C I T)ucn Department of Bactenologx 


Fungi pathogenic to man were studied by 
similar technic, with both buffered and un- 
buffered malt agar medium (2 desiccated 
malt extract in 2% agar) The yeast-like 
fungi ( Cryptococcus and Candida) were 
streaked m the same manner as bacteria from 
4-da\ maltose broth cultures and the results 
were read after 4 day's Filamentous fungi 
w r ere studied by' making a single planting 
5 mm in diameter m each concentration and 
comparing the rate of peripheral growth of 
the mycelium with that on control medium 
after 7 days Degree of growdh is recorded 
m the same way as for the bacteria Incuba- 
tion was at 37°C 

Results of the fungus growth studies are 
summarized m Table II In general the 
tested fungi were inhibited by the same range 
of concentrations of WRC extract as the bac- 
teria, when on buffered medium, and by )4 to 
Yz these concentrations on unbuffered medium 
Fungi causing wood decay’ are inhibited by 
similar concentrations 3 

The effect of WRC extract on the growth 
of the Shiga dy’sentery bacillus was studied 
by the colony-count (platmg-out) technic 
Before incubation there were 10,000 viable 
organisms per cc of medium (buffered nutri- 
ent broth plus WRC extract) m all tubes 
The control tubes contained 10 000 000 viable 
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organisms per cc after 8 hours incubation 
at 37°C There was no significant change 
in number of viable organisms in the next 
16 hours In the tubes containing 45 mg% 
WRC extract there was no increase in viable 
organisms during the first 12 hours of incuba- 
tion, but there was an increase to 1,000,000 
after 24 hours These results show that the 
anti-bacterial activity of WRC extract in 
the concentration tested is due to stasis, not 
to death of the organisms (Fig 1A) A 
second experiment by this same technic con- 
firmed these results 

Growth was also studied in these same 
tubes by turbidimetric readings taken simul- 
taneously with sampling for the colony-count 
studies " A Klett-Summerson photo-electric 
colorimeter was used A dark red (No 630) 
filter eliminated variations due to differences 
in depth of color of the media Readings 


were obtained in units of optical density (log 
incident light/log transmitted light) Each 
reading designated in Fig IB was obtained 
by subtracting the reading obtained before 
incubation from that obtained after the in- 
dicated period of incubation These figures 
therefore represent turbidity due to bacterial 
growth, not total turbidity of the culture U 
These results (Fig IB) also demonstrate that 
WRC extract is bacteriostatic rather than 
bactericidal These results agree with previ- 
ous findings as to mode of action of WRC 

)I Comparison of tlic growth curves obtained 
simultaneously by tbe 2 technics (Fig 1A and IB) 
shows that the cultures contained nearly the 
maximum number of living organisms before any 
turbiditv could be detected (i c after 4 hours 
incubation in the controls) Increase m turbidity 
after this time must be due to accumulation of 
dead cells 
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against wood-destroying fungi 3 

Microscopic examination of suppressed cul- 
tures of several species revealed many 
elongated rods or enlarged cocci, as has been 
described previously for organisms exposed 
to other antibiotics 4 

The mechanism of the bacteriostatic ac- 
tion of WRC extract is unknown However, 
it was learned that at room temperature at 
pH 7 4 \\ RC extract reacts instantaneously 
with cysteine in evacuated Thunberg tubes 
in such manner that the cy r steme is rendered 
unable to reduce methydene blue This re- 
action required a minimum of approximately' 
230 mg of WRC extract solids per mil- 
equivalent weight of cysteine hydrochloride 
(’4 cc of 1 5000 methylene blue as indicator) 
WRC extract does not act as a general oxi- 
dizing agent for other easily' oxidized sub- 
stances (KI H>S, Fe -| — b) so it is probable 
that the W'RC extract does not oxidize cysteine 
to cystine, but rather reacts directly with 
the sulfhydryl group If this be true it is 
possible that reaction of WRC extract wuth 
sulfhvdryl compounds is the mechanism, or 
one of the mechanisms, of its antibiotic ac- 
tion'’ The product of reaction of WRC ex- 
tract w ith c\ steine has no antibiotic activity 
W'RC extract is also inactivated by human 
serum and blood It is not affected by nor- 
mal urine or by gastric residue 

The dose of WRC extract lethal for ani- 
mals has not been determined Mice were 
maintained for 4 weeks drinking no liquid 
other than WRC extract (230 mg%), ingest- 
ing approximately 230 mg of solids per mouse 
(115 g/K), without toxic symptoms, with- 
out weight loss, and without change m volume 
of liquid consumed A single subcutaneous 
injection of 140 mg of WRC extract solids 
into mice had no ill effects and appeared to 
cause no discomfort Intravenous doses of 
230 mg (50 cc volume) twice a day for 3 
day's in a rabbit, making a total of 3 g/K, 
caused no apparent ill effects, and caused no 

- 1 XViksmin, S A, Microbial Antagonisms and 
Antibiotic Substances, Commonwealth Fund, 1945, 
30, 213 215 

Cavalhto C J , Bailej J H , Haskell, T H , 
MeCormiek J K , and Warner, W F , J Bad , 
1945, 30, 61 


grossly detectable pathology Six mice which 
were each injected intrapentoneally with 7 mg 
doses twice a day for 6 day's (total of 4 3 
g/K) showed no toxic manifestations These 
mice were also drinking W 7 RC extract (230 
mg%) throughout this period as their sole 
source of liquid Autopsy' of 3 of these mice 
revealed a few scattered discrete white areas 
up to 2 mm in diameter in their livers 
Histological examination revealed that these 
were fibrosing areas of necrosis containing 
polymorphonuclear cells as well as macro- 
phages No other gross pathology' could be 
detected Kidneys were histologically nor- 
mal No other tissues were sectioned This 
hepatic pathology may be an effect of the 
WRC extract However, the absence of 
similar pathology' in the rabbit, and the 
discrete character of the lesions, suggests that 
this pathology' may' have had some other, 
possibly' infectious, etiology 

Limited trials have failed to reveal any 
significant antibiotic effect of WRC extract 
against systemic infection in mice by' 
pneumococcus type III, Streptococcus hemoly- 
ttcus strain C203, Candida albicans, or 
Cryptococcus hoinims The possibility of its 
use against skm infections has not yet been 
investigated 

The bacterial content of the cecums of 
normal mice and of mice which bad been 
drinking WRC extract as their only' liquid for 
the preceding w'eeh was studied by emulsify- 
ing 1 mg of the cecal contents m 10 cc of 
broth, diluting serially, and growing out m 
nutrient agar No significant reduction m 
number of bacteria was caused by' the WRC 
extract 

Urine from mice and rabbits injected with 
WRC extract was found to have a greater 
antibacterial effect than urine from control 
animals It seems probable therefore, al- 
though the results are not conclusive, that 
WRC extract is excreted m part m bac- 
teriostatic form by' the kidneys 

WRC extract is completely' dializable 
through cellophane membrane, but does not 
diffuse through agar Boiling to dryness 
causes little or no loss of antibiotic activity 
Heating to 200°C (in sealed vials m boiling 
benzyl alcohol) momentarily or for 10 mm- 
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utes resulted in loss of 30% of activity 
Acidification to pH 1 with HC1, for 48 hours, 
followed by neutralization with NaOH, caused 
no detected loss of activity Alkalinwation 
to pH 12 for one hour, followed by neu- 
tralization w'lth HC1, caused no detected loss 
of activity, but when held at this pH for 48 
hours there was roughly 50% loss of activity 
At least 10% of the antibiotic activity resides 
in ether-soluble resinous components of the 
extract The active components can be al- 
most completely removed from WRC extract 
by extraction with benzyl alcohol or by ad- 
sorption onto norite, but the active com- 
ponents have not yet been recovered from 
these reagents 


Summary Water extract of western red 
cedar heartw'ood inhibits growth of a wide 
variety of bacteria and fungi Inhibition is 
due to stasis, not to death, of the organisms 
Susceptibility of microorganisms is unrelated 
to Gram-staining reaction or to morphology 
WRC extract does not lose its antibiotic 
activity when subjected to prolonged boiling, 
or considerable changes m pH It is not 
inactivated by urine or gastric residue, but 
is inactivated by blood, serum, and cysteine 
Large doses of the extract (4 3 g/K I P 
m mice, 3 g/K IV m a rabbit) did not cause 
death or illness 

No m vivo activity against infection has 
yet been demonstrated 
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Immunological Studies of Dengue Fever and Colorado Tick Fever 

M Pollard, H R Ltvesax , D J Wilson, and J C Woodland 
(Introduced by Max Levine ) 

rrom Hit £ i ol> 111 Scrucc Command Laboratory, ami Drool i Genciat Hospital, Drool c Hospital 

Center, I art ,S<itn Houston, Texas 


Ashburn and Craig 1 demonstrated, by 
human inoculation studies, that dengue fever 
was caused bj a filterable agent and that it 
was transmitted by mosquitoes By similar 
means it has been demonstrated that Colorado 
Tick fever is caused by a filterable agent, 2 
but it appears that the development of nat- 
ural cases of the disease is associated with 
tick bites 1 The Colorado tick fever and 
the dengue fever syndromes are both charac- 
terized by generalized malaise, headache, 
leucopenia, and a frequent “saddle-back” or 
di-phasic temperature curve Thev are both 
self-limiting and non-fatal The outstanding 
differential feature seems to be the develop- 

1 Ashburn, P 3T, and Cr tig, C P, Philippine 
,T of Science, 1907, B, 3, 93 

2 Florio, Llojd, Stewart, 31 0, rad llugnge, 
E H, The Etiologj of Colorado Tick Peaer, 

J Exp Med, 1940, 83, 1 

3 Topping, Norman H, Cull,) ford, J S, and 
Davis, G B, Public Health Pep, 1940, 33, 48 


ment of a skm rash with many cases of 
dengue fever and no rash with Colorado 
tick fever, also an association with ticks m 
the case of Colorado tick fever and with 
mosquitoes in the case of dengue fever In 
view' of the similarity of the clinical pictures 
of these 2 diseases and since they are both 
associated with arthropods, some opinions 
have been expressed 4 that they both may 
be caused by related agents 
Human E\pcruncnts Since animals are 
not highly susceptible to either of these agents, 
it was considered advisable to study their 
immunological relationship to each other by 
human inoculation experiments 

Two normal male volunteers were selected 
for subcutaneous inoculation with 1 0 cc of 
the Colorado Tick fever agent* (Case I-A B 

■) Rogers, L, and 3fcgat\, T W D, Tioptcal 
Medicine, The XV lllianis and Wilkins Co , 1944, 146 
* We wish to express oui sincere appreciation 
to Di EE Xlugiage, Unnersita of Colorado 
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inoculated ns control foi Dengue Fcvir Virus it tune of challenging Coses I md II 


and Case II-^PR) As noted m Fig 1, 
Case I had manifested experimentally induced 
Colorado tick fever and was immune when 
challenged 5 months later with the same 
strain of the disease agent The control 
inoculation (Case II) developed the disease 
after 4 davs and remained ill for 8 days 
The inoculum had been collected on the first 
day of fever from an experimentally induced 
case of Colorado tick fever and had there- 
after been stored for 6 months m the dry 
ice chamber Blood serum was collected 
from Case II on the first day of fever and 
was stored in the dry ice chamber for future 
use 

Twenty-seven davs after defervescence, the 

2 Colorado tick fever corn alescent patients 
and one normal control were inoculated m- 
tradermallv with 0 4 cc of dengue fever in- 
fected serum The inoculum was collected 
from Case IV which is described below All 

3 of the volunteers developed a svndrome 
which was considered compatible with the 
clinical diagnosis of dengue fever fever, 
leucopema, generalized malaise and rash 

Two normal male volunteers (Case III- 
CW and Case IV-ET Fig 2) were inoc- 
ulated intradermally w ith 0 4 cc of dengue 

Medici! School, for supplvmg us with Colorado 
tick four infected hamster scrum 


fever infected serum (second human pas- 
sage) * Six davs after this inoculation the 
patients developed symptoms of the disease 
and the illness persisted for 6 davs Blood 
serum was collected from these patients dur- 
ing the first day of illness and was stored 
in the drv ice chamber for future use 
Twentv -seven days after defervescence the 2 
dengue fever convalescent patients and one 
normal control were inoculated subcutaneous- 
ly with 1 0 cc of Colorado tick fever infected 
serum This inoculum had been collected 
from Case II described above Three and 4 
davs after the inoculation all of the chal- 
lenged individuals and the control developed 
the syndrome of Colorado tick fever (Fig 2) 
fever, leucopema, generalized malaise, but no 
rash 

This reciprocal challenge experiment, there- 
fore, failed to demonstrate any relationship 
between the dengue fever and the Colorado 
tick fever strains which were employed 

Discussion There are several diseases re- 
ported m the literature, all of which are 
characterized by fever, by generalized malaise, 
by leucopema and by being associated with 
arthropod infestation Speculations have been 

« The dengue fever agent was kindly supplied 
bi Dr A B Sabin, Children’s Hospital Founda 
turn, the t'nnersitv of Cincinnati 
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proposed concerning their possible similarity 
m etiology To great extent, experimental 
results have served to delineate their rela- 
tionship to each other Sandfly fever and 
dengue fever appear to be caused by 1 m- 
munologically distinct agents 5 Bulbs fex'er 

TSabm, A B, Philip, C B, nnd P ml, J id, 


and Colorado tick fever, while both associated 
with tick bites, appear to be of different 
etiology, 0 furthermore, Bulbs fever and 
dengue fever have not thus far demonstrated 
any immunological relationship 7 
Different strains of the same disease may 
vary somewhat immunologically It is possi- 
ble that the relationship of dengue fever and 
Colorado tick fever with strains other than 
those employed herein, may not coincide with 
the results reported It appears, from our 
results, however, that there is no im- 
munological relationship between the agents 
of Colorado tick fever and of dengue fever 
(strain) 

Summary On the basis of the experimental 
data presented, there does not appear to be 
any immunological relationship between 
dengue fever and Colorado tick fever t 

J Aw Med Assn, 1914, 123 

0 Pollard, M , Lucsav, H It , Wilson, D J , and 
Woodland, J C, Experimental Studies with Bulbs 
Fever, A m J Trap Med , I94G, in piess 

" In press 

1 A recuit u tide hi Florio, Ilammou, Laurent, 
and Stewart appeired m the Journal of Expen 
mental Medicine, 194C, 4, 83, in which essentially 
the same results weie obtained ns is reported 
in this pipu 

Giateful acknowledgment is made to Major 
Choice Matthews, M C, and Captain Sidna Cohen, 
M C, for assistance with the clinical obsemtions 
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A Hemorrhagic Syndrome Induced by Derivatives of 3-Hydroxy-l, 

4-Naphthoquinone.* 

Carl C Smith, Rochelle Fradxin, and Mary D Lackey 


(Introduced by I 

From the Institute of Medical Research . 

During the routine examination of the 
short-term chronic toxicities of various anti- 
malarial drugs for the rat, it was noted that 
certain derivatives of 3-hydro\y-1, 4-naphtho- 
quinone produced a fatal hemorrhagic syn- 
drome associated with a profound hypopro- 

* The work described m this paper was done 
under a contract recommended by the Committee 
on Medical Research between the Office of Sci 


H Schmidt ) 

The Christ Hospital, Cincinnati, Ohio 

thrombinemia The production of such a 
syndrome by drugs related closely m structure 
to the antihemorrhagic K vitamins, the 
rapidity with which this syndrome developed 
and its seventy tvere all items of interest 
Especially significant, however, was the find- 

entifie Research and Development and the Insti 
tute of Medical Research, The Christ Hospital, 
Cincinnati, Ohio 
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ing that production of hemorrhagic lesions 
and hypoprothrombmemia by at least one of 
the above naphthoquinones was blocked by 
simultaneous administration of vitamin Kj 
A description of these observations is pre- 
sented here 

Experimental The compounds studied were 
the following 




H 2 

c_ 


(ch 2 ) 3 ci^ 


•OH 


Hr 


H 2 




CHr 


Hr 


/ y\ 

kAA 
11 
0 

SX 3090 1 

2 (3 cjclohexil propel) 3 - hjdioxy 1,4 naplitlio 
quinone 


0 

II 


( /\ / \ci 2 -oh-(cb 2 ) 5 ch 3 


I 

CH-, 


U-OH 


vv 

0 

SX 3949t 

2 (2 metliyloctyl) 3 hydroxy 1,4 naphthoquinone 



2 [3 (deciliydro 2 mphthvl)propvl] 3 hydroxy 1, 
4 naphthoquinone (Trans mixture) 


The toxicities of these substances were 
studied in the young rat m accordance with 
the standardized technics employed with other 

t The numbers cited here are those assigned to 
the compounds by the Survey of Antimnlanal 
Drugs, Baltimore, Maryland The drugs were 
prepared hi Dr Louis P Fieser, Harvard Uni 
versity, and the Abbott Laboratories, to whom we 
arc greatly indebted 


antimalanal drugs Since these procedures 
will be described m detail elsewhere* only the 
most important features will be mentioned 
here The drugs, suspended either m water 
or in olive oil, were administered at various 
dose levels to groups of young rats for periods 
of 8 to 11 days Treatments were given 
once daily via stomach tube Control rats 
received similar quantities of water or olive 
oil without drug at the same intervals The 
weights of the animals were obtained daily 
In many instances, prothrombin times were 
measured Samples of whole blood obtained 
by cardiac puncture were used for this pur- 
pose Determinations were carried oat ac- 
cording to the method of Kato 1 using Rus- 
sell viper venom 2 as the source of throm- 
boplastin 

Twenty-eight-day -old male rats, Sprague- 
Dawley strain, were used throughout the 
study The weights of these animals at 
the start of an experiment averaged 55 g 
Throughout the treatment period the rats 
were fed Purina Dog Chow* Checkers and 
water ad libitum 

A brief summary of the pertinent results 
of the study is given in Table I The data 
presented there show that at certain dose 
levels each of the 3 compounds produced a 
hemorrhagic syndrome m the young rat The 
first evidence of this syndrome usually ap- 
peared after the third or fourth day of treat- 
ment At this time the ears, feet and tails 
showed unusual pallor and in some cases 
there was slow bleeding from ear puncture 
wounds made to identify the animals Body 
temperatures were reduced and the rats were 
weak and inactive Twenty-four to 72 hours 
later the animals were usually moribund 
Gross extravasations of blood into the sub- 
cutaneous tissues of the legs, neck and head, 
and about the testicles were invariably pres- 
ent Blood samples obtained from the heart 
without anticoagulant either failed to clot 
within 24 hours or clotting was greatly de- 
layed The hematocrits on such samples 

* Survey of Antimatanal Drugs, 1941-194$, to be 
published in July, 1946 

l Kito, K , Am J Cltn Path , 1940, 10, 147 

2 Pnge, B C, and Bussell, H K, J Lob and 
Cltn Med , 1941, 26, 1366 
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TABLE I 

— Obscm tions on the Toviciti es of Dim iti\cs of 3 H'drow 1,4 Naphthoquinone 

Xo Dc iths Wt ~~ 

D uh dose of rif s due to cli mge m 

mg/ kg trc itcd tre itment % controls* Effects of treatment 


SIT 5090 — administered in inter 


400 

800 

1000 


0 

0 

G 


0 130 l No manifestation of toxicity during 8 days 

0 130 j treatment 

1 75 Hemonlugic sindrome appealed in 3 rats 

on 5tli md Gth dais 

SN 5090 — idmmistcrcd in olne oil 


800 

1200 

looo 


100 

200 

400 


4 

3 

O 


G 

G 

G 


1 12 Gieitli prolonged prothrombin times in 3 

rits sunning 11 dais tre itment 

^ — I ratal hemorrhagic sindrome del eloped in all 

- — \ 5 animals, me m suninl time 5 dajs 

SN 5040 — idmmistercd in intei 

0 140 j No manifestation of to\ieiti 111 treatment 

0 85 j pe riod of 8 d n s 

2 75 Hemorrh igic sindrome appeared in 2 rats 

111 5 dns, mean survinl time 3 da>s 

SN 5040 — ldmimstercd in 0 I 11 e oil 


100 5 0 02 | No in mifestation of to\ieiti during 11 dajs 

200 5 0 84 | tre itment 

400 5 5 — F ital hemorrhagic si ndi ome de\ eloped in all 

3 rits, mean surin il time 4 dais 

SN 8537 — administered in liater 


100 

200 

400 


G 

G 

G 


0 03 

4 — 

G — 


No manifestation of to\iciti during 11 dajs 
treatment 

F it il hcinoi rhagic sindrome 111 4 animals, 
mean suninl time 5 dais 
Fatil hemorrhagic sindrome in all G rats, 
mean suninl time G dais 


RN 8337 — administered in olne oil 

0 57 No manifestation of toxicitj in treatment 

period of 11 days 

3 — Fat il hemoiihagie sindrome 111 5 animals, 

mean suninl time 5 dais 

G — Fat il hemorrhagic sindrome dei eloped in all 

G rats, nu an suninl time G dais 

* The figures in this column ueie obtained as follows 
G wt change of treated rats 

- — x 100 

G wt change of control rats 


100 G ' 

200 G 

400 G 


-were e\tremely low — in some instances only 
15% Necropsies presented a fairly uniform 
gross picture — bloodless appearance of such 
organs as liver, kidney, spleen and pancreas, 
gross hemorrhage into the abdominal cavitv 
and the upper portions of the gastro-mtestinal 
tract without distinct ulceration, considera- 
ble partially digested blood in the lower parts 

of the digestive tract 

The first appearance of this syndrome sug- 
gested the presence of a prothrombin de- 


ficiency Consequently prothrombin times 
were measured routinely whenever blood sam- 
ples could be obtained The results of these 
determinations may be summarized briefly 
In most instances prothrombin times were 
normal in animals which showed no bleeding 
tendency, in a very few' cases, however, there 
were slight but significant elevations of the 
prothrombin times In contrast to this, rats 
presenting the hemorrhagic syndrome had 
greatly prolonged prothrombin times, varying 
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from 300 seconds to in excess of 24 hours 
With the method employed here, normal rats 
have a prothrombin time of IS ± 3 seconds 
It should be pointed out that there were 
some quantitative differences in the toxicides 
of the 3 drugs employed here SN 5090 
was distinctly less toxic than SN 5949 or 
SN 8557 SN 5090 appeared to be con- 
siderably more toxic when administered as 
a suspension in olive oil than when suspended 
m water The menstruum had little effect 
on the toxicities of SN 5949 and SN 8557 
In both the experiments described above 
and m collateral studies, data have been 
sought which would explain the obsened 
hypoprothrombinemia One of the first pos- 
sibilities considered was that the hypo- 
prothrombinemia resulted from hepatic in- 
jury This explanation does not seem likely, 
for m only one of the rats was there distinct 
microscopic evidence of liver pathology In 
the liver of this animal there was marked 
fatty degeneration and areas of coagulation 
necrosis about the central vein It is note- 
worthy that more severe changes than these 
have been observed in hundreds of rats re- 
ceiving other potential antimalarial drugs, 
but in none of these animals was there a 
hemorrhagic syndrome or evidence of hypo- 
prothrombmemia 

The second explanation which suggested 
itself was that, as in the case of the 
indandiones, 3 another group of hemorrhagic 
agents, the naphthoquinones effected a direct 
inactivation of prothrombin To determine 
this point, prothrombin times were measured 
before and at various intervals up to 8 hours 
after normal rat plasma had been saturated 
with either SN 5090 or SN 5949 Without 
exception prothrombin times were the same 
in plasmas saturated with these drugs as 
in the control plasmas This result argues 
against direct inactivation of prothrombin by 
the naphthoquinones 

Another possible explanation was that the 
hypoprothrombinemia resulted from a vita- 
min K deficiency induced by interference with 
bacterial synthesis of these vitamins m the 
intestine — an effect not unlike that induced 

3 Kabat, H , Stolilmm, E F , and Smith, M X , 
J Pharm and Exp Xheiap, 1944, 80, 160 


by the sulfonamides 4 hi vitro experiments 
have shown, however, that neither SN 5090 
nor SN 5949 possesses significant bacterio- 
static or bactericidal activities against 
Escherichia colt ,° the intestinal organism re- 
garded as the principal bacterial source of 
the K vitamins c Furthermore, the hypo- 
prothrombinemia associated with sulfonamide 
therapy develops only after weeks or months 
of treatment, the hypoprothrombinemia de- 
scribed here appears m a matter of a few 
days Thus, at the present moment there 
seems little to support the explanation sug- 
gested above 

Another explanation was that drugs such 
as SN 5090 competed with the K xitanuns 
in the formation of prothrombin — the re- 
lationship being not unlike that which ap- 
pears to exist between the sulfonamides and 
p-aminobenzoic acid, or between pantoyl- 
taurine and pantothenic acid The explana- 
tion suggested itself, not only because of the 
structural similarities of substances wth 
vitamin K activity and the above hemor- 
rhagic agents, but also because of Richard- 
son’s finding, 7 that the activities of the above 
naphthoquinones against infections with 
Plasmodium lophurac were at least partially 
blocked by 2-methyl-l,4-naphthoquinone, 
sometimes called synthetic vitamin K 

To test the above postulate, an experiment 
was set up to determine whether the toxic 
reactions produced by SN 5090 could be 
blocked by simultaneous administration of 
either vitamin Ki (2-methyl-3-phyt\ 1-1,4- 
naphthoquinone) or 2-methyl-l,4-naphtho- 
quinone The results of this experiment, 
summarized in Table II, show rather dra- 
matically that the simultaneous administra- 
tion of vitamin Ki at a daily dosage level 
of 10 mg per kg blocked completely the ap- 
pearance of the hemorrhagic syndrome and 
hypoprothrombinemia m rats receiving SN 
5090 Furthermore, vitamin Ki blocked the 

4 Black, S , Overman, E S , Elvelijem, C A , and 
Link, K P , J Biol Chem , 1942, 145, 137 

■' Sesler, CL, and Schmidt, L H , unpublished 
observations 

0 Dam II, Alliances in Emymology, 1942, 2 
2S5 

7 Personal communication from L F Fieser 
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TABLE II 

The Effects of 2 Methyl 1,4 Naphthoquinone and Vitamin K, on tlie Toxicity of SX 509 0 * 

Dajsof Wt, g Prothrombin 

Bit treat timet 

Xo ment Initial Final sec Remarks 

Bats received 800 mg SX 5090 per kg bodj weight, daily 


1 

4 

57 

53 

240 

o 

4 

56 

54 

180 

•» 

1 

7 

54 

57 



4 

7 

5S 

70 



5 

S 

55 

67 

180 

C 

S 

57 

70 

240 

Bats : 

iccened 800 mg SX 5000 and 10 mg 

2 metliv 1 ! 

7 

11 

5G 

70 

150 

8 

12 

04 

8S 

150 

Q 

11 

57 

8S 

95 

10 

12 

GO 

101 

95 

11 

11 

50 

90 

50 

11 

12 

59 

100 

40 


Itata received S00 mg SX 5090 md 10 mg v 

18 

12 

51 

93 

20 

14 

11 

GO 

117 

19 

15 

11 

56 

108 

17 

16 

12 

53 

96 

15 

17 

12 

5S 

100 

35 

IS 

12 

G3 

112 

15 


| Monbund, sacrificed on 5th day, fatal 
J hemonlngic lesions 

Died 7th dav , fatal hemorrhagic lesions 
” 8th ' ” ” « 

1 Moribund, sacrificed 8th day , fatal 
j hemorrhagic lesions 

,4 naphthoquinone per Kg bodv Height, daily 


Sacrificed end of treatment, moderately 
stvcie hemorrhagic lesions 

S icrificed end of treatment, nothing 
remarkable 

itamin Kj per kg bodv weight, daily 


j- Sacrificed end of treatment, nothing 
run irkable 


* SX 5090 was suspended in olive oil, the vitamins Here dissolved in olive oil 
t Prothrombin times were obtained when animals were sacrificed, either moribund or at 
end of experiment 


growth inhibiting effects of SN 5090, ani- 
mals receiving both of these naphthoquinones 
(rats 13-18) gained weight essentially as well 
as olive oil controls Although methyl- 
naphthoquinone was much less effective in 
counteracting the toxicity of SN 5090 than 
\ itamin Ki, it did delay the appearance of 
the hypoprothrombmemia significantly, re- 
tarded the development of hemorrhagic le- 
sions and partially blocked the grow'th in- 
hibiting effects of SN 5090 These data 
would seem to support the postulate that 
naphthoquinones like SN 5090 produce a 
hypoprothrombmemia by competing with the 
K vitamins in processes essential to pro- 
thrombin formation 

Discussion The results of the present 
study have shown that 2-substituted-3-hy- 
droxy-l,4-naphthoquinones, such as SN 5090, 
produce a hemorrhagic syndrome when ad- 
ministered to the rat in large doses A ra- 
tional explanation for this hemorrhagic ac- 
tivity has been offered, namely, that these 


qumones function as antimetabohtes in what- 
ever processes the K vitamins serve m pro- 
thrombin formation The observation that 
vitamin Ki and to a lesser extent methyl- 
naphthoqumone antagonize the hemorrhagic 
and other toxic properties of SN 5090 pro- 
vides good support for this explanation 
A number of other 3-hydroxy-l,4-naph- 
thoquinone derivatives have been reported in 
the literature It is significant that at least 
one of these derivatives, namely, 2,2 '-methyl - 
ene-bis-3 -hydroxy- 1 ,4-naphthoquinone, pos- 

sessed hemorrhagic activity This compound 
produced a significant reduction m plasma 
prothrombin content when administered to 
rabbits in doses of 20-40 mg s The other 2- 
substituted-3-hydroxy-naphthoqumones were 
studied only for vitamin K activity in the 
chick at low dosage levels of not more than 
1 mg° Perhaps some of these compounds 

8 Meumer, P , Mentzer, C , Buu Hoi, and 
Cagniant, P, Suit soc clnvi bio!, 1943, 25, 3S4 
a Almquist, H J, and Klose, A A, J Am 
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would ha\e displayed hemorrhagic activity 
had they been tested m rats or rabbits m 
larger doses Conversely, the 2-substituted- 
3-hy droxy-naphthoqumones used m the pres- 
ent study might display antihemorrhagic ac- 
tiv dies if assayed at low doses in the vitamin 
K-deficient chick 

Summary 1 A fatal hemorrhagic syndrome 
accompanied by’ marked hypoprothrom- 

Chem Soc , 1010 (> 1 , 1024 , 2157 Almquist H J , 
and Klose, A A , Proc Soc E'er Biol vxd Med , 

1940, 45, 55, Fieser, E F, Bowen D M Camp 
bell W P, Frj E M, md Gates M D Jr, 
J Am Chcm Soc, 1939, 01, 1916, Fieser E F, 
Campbell IV P , and Fry, E M , J Am Chcm 
Soc, 1039, 01, 220G, Fieser, L F, Tishler, M, 
Sampson, W L, and Woodford, S , J Bio? Chcm , 

1941, 137, G59 , Fieser, E F , and Gates, M D , 
Jr J Jm Client Soc, 1941,03 2948, Fernbolz, 
E , and Ansbaclier, S Science, 1939 90, 215 


bmemia was produced in rats by the ad- 
ministration of 3 2-substituted-3-hydro\y -1 ,4- 
naphthoqumones 

2 These compounds produced only minimal 
pathologic changes in the liver, caused no 
measurable destruction of prothrombin vt 
vitro, and possessed only slight bacteriostatic 
activity against Escherichia coh, the principal 
source of vitamin K in the gut 

3 The hemorrhagic and to\ic properties 
of at least one of the compounds studied, 
SX 3090, were antagonized partially by 

2- methyl-l,4-naphthoqumone and completely 
by vitamin Kj On the basis of this finding 
it was postulated that these 2-substituted- 

3- hydroxy-l 4-naphthoquinones, such as SX 
5090, compete with the K vitamins m 
processes essential to prothrombin formation 
and by displacing these \itamms produce 
the hemorrhagic syndrome described here 
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Chemotherapy of Experimental Leishmaniasis * 

H B van Dyke and Alfred Gellhorn 
F rom the Deportment of Pharmacology, College of Physicians and Surgeons, Columbia 
University, Xew Tori City 


The work here reported was an experimental 
chemotherapeutic investigation of a variety 
of organic compounds, both metallic and non- 
metalhc, to determine whether any offered a 
new approach to the treatment of visceral 
leishmaniasis None as suitable as available 
drugs was discovered This report will de- 
scribe the method of evaluating drugs of un- 
known potency and summarize tests of 188 
compounds 

Materials and Methods Few details of the 
investigative technics of various authors have 
been published and, m most cases, these tech- 
nics require much time and have not been 
well standardized (A recently-described, ac- 

* The work described m this paper was done 
under a contract, recommended bv tlie Committee 
on Medical Research, between the Office of Scien 
tific Rose ircli and Development and Columbia Dm 
veraiti 


curate but time-consuming method is that of 
Goodwin) 1 A routine “screening” method 
should be reliable, rapid and convenient The 
method to be described meets these qualifica- 
tions However had a potent drug of low 
toxicity been discovered, the method of com- 
parison with drugs already available would 
have had to be much more elaborate 

In all experiments the Syrian hamster, 
Cncetulus auratus, was used It was clearly 
desirable that the dosage of a compound of 
unknown value be as high as infected hamsters 
could tolerate Usually a satisfactory’ dose 
could be determined from the estimated 
murine LD50 following a single mtra- 
pentoneal injection of either an. aqueous solu- 
tion of a compound, or, if the compound 
was insoluble in water, a suspension m 2% 

1 Goodwin, L G Trans Hoy Soc Trop Med 
Hyg , 1945, 39 133 
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TABLE II 

The Effects of 2 Methyl 1,4 Naphthoquinone ind Vitamin K, on the Toxicita of SN 5090 ‘ 


Rat 

No 


Daxs of 
tieat 
ment 


Wt,g 


Initial 


Pinal 


Prothrombin 

timet 

see 


Remarks 


Rats received 800 mg SN 5090 per kg body weight, daily 


1 

4 

57 

53 

240 

o 

4 

50 

54 

ISO 

3 

7 

54 

57 



4 

7 

58 

70 



5 

8 

55 

G7 

180 

G 

S 

57 

70 

240 

Rats 

lecened S00 mg SN 5090 and 10 

mg 2 uietli 

7 

11 

5G 

70 

150 

s 

12 

G4 

8S 

150 

O 

12 

57 

SS 

95 

10 

12 

GO 

101 

95 

11 

12 

50 

90 

50 

11 

12 

09 

100 

40 


Rats rcceixed 800 mg SN 5090 and 10 in 

13 

12 

51 

93 

20 

14 

11 

GO 

117 

19 

11 

11 

50 

108 

17 

1G 

12 

55 

9G 

15 

17 

12 

58 

100 

15 

IS 

12 

Go 

112 

15 


l Mon bund, sacrificed on 5th day, fatal 
) hemorrhagic lesions 

Died 7th daa fatal hemorrhagic lesions 
” 8th ” ” ” >> 

) Moribund, sacrificed 8tli dax , fatal 
J hemorrhagic lesions 


j- Sairifited end of treatment, moderately 
j sciue hemorrh igic lesions 

( S icrificed uid of treatment, nothing 
j remarkable 


Sacrificed end of treatment, nothing 
rem irk ible 


* SN 5090 was suspended m oli\e oil, the vitamins were dissolxed m olive oil 
t Prothrombin tunes were obtained when animals were sacrificed, cither moribund or at 
end of experiment 


growth inhibiting effects of SN 5090, ani- 
mals receiving both of these naphthoquinones 
(rats 13-18) gained weight essentially as well 
as olive oil controls Although methyl- 
naphthoquinone was much less effective in 
counteracting the toxicity of SN 5090 than 
vitamin Kj, it did delay the appearance of 
the hypoprothrombinemia significantly, re- 
tarded the development of hemorrhagic le- 
sions and partially blocked the growth in- 
hibiting effects of SN 5090 These data 
would seem to support the postulate that 
naphthoquinones like SN 5090 produce a 
hypoprothrombinemia by competing with the 
R vitamins in processes essential to pro- 
thrombin formation 

Discussion The results of the present 
studv have shown that 2-substituted-3-hy- 
droxy-l,4-naphthoquinones, such as SN 5090, 
produce a hemorrhagic syndrome when ad- 
ministered to the rat in large doses A ra- 
tional explanation for this hemorrhagic ac- 
tivity has been offered, namely, that these 


quinones function as antimetabohtes in what- 
ever processes the K vitamins serve in pro- 
thrombin formation The observation that 
vitamin Ki and to a lesser extent methyl- 
naphthoqumone antagonize the hemorrhagic 
and other toxic properties of SN 5090 pro- 
vides good support for this explanation 
A number of other 3-hydroxy-l,4-naph- 
thoqumone derivatives have been reported m 
the literature It is significant that at least 
one of these derivatives, namely, 2,2''-methyI- 
ene-bis-3-hydrovy-l,4-naphthoquinone, pos- 
sessed hemorrhagic activity This compound 
produced a significant reduction m plasma 
prothrombin content when administered to 
rabbits m doses of 20-40 mg 8 The other 2- 
substituted-3-hydroxy-naphthoquinones were 
studied only for vitamin K activity m the 
chick at low dosage levels of not more than 
I mg' 1 Perhaps some of these compounds 

SMeumer, P, Mentzer, C, Buu Hoi, and 
Cagmant, P, Bull soe chm biol , 1943, 35, 384 
9 Almquist, H J, and Klose, A A, J Am 



Inflammation Effects on Iron Absorption 


405 


muth, copper, gold or mercury had no eftect 
on the disease None of 144 aliphatic, car- 
boa chc and heterocyclic non-metallic com- 
pounds was found to possess important anti- 
leishmamal efiects Only 4 of these 144 
compounds, administered in large doses in 
terms of toxicity, had any eftect, this eftect 
ivas clearly r inferior to that of Stibanose on 


leishmaniasis m hamsters 

Summary A method for the routine 
evaluation of drugs for the therapy' of visceral 
leishmaniasis in the hamster is described 
No drug superior to Stibanose, Neostam or 
Neostibosan was discovered in tests of 27 
other antimomals or of 158 additional metal- 
lic and non-metallic organic compounds 


15334 

Effects of Inflammation (Turpentine Abscess) on Iron Absorption 
P F Hahn, W F Bale, and G H Whipple 

rrom the Departments o] Patholony anti Patholony P intercity of Ilochcster, 
School of Methane anti Dentistry 


These experiments with radioactive iron 
are concerned with iron absorption from the 
intestinal tract as influenced by infection 
For many years pathologists ha\e used the 
turpentine sterile abscess as a means of study- 
mg the response of experimental animals to 
a simple inflammatory reaction Several 
dogs were accordingly studied m order to 
determine how such an inflammation might 
influence the uptake of labelled iron m single 
doses It has been shown that the individual 
response to iron therapy is quite variable 
and necessitates control studies in the same 
subject 1 The resulting data are summarized 
in Table I 

Experimental Data Dog 40-149, an adult 
female mongrel fox terrier, had been main- 
tained by periodic bleeding at an anemic 
level of blood hemoglobin for about 2*4 
y r ears The diet consisted of hospital table 
scraps One ml of turpentine was injected 
in the axilla and the next day' a test dose 
of 10 mg of iron labelled by radioactivity 
was given by mouth Subsequent blood 
samples over a 2-week period showed an 
uptake of 4 1% of the dose Control feed- 
ings of iron before and after the abscess 
period showed an average utilization of 29 5% 
of the dose The methods used in deternnna- 

i Hahn, P F , Jones, Edgar, Loire, R C , 
Meneelv, G R , and Peacock, Wendell, Am J 
Ph’/Mol 1U43 143 101 


tions of labelled iron utilization have been 
previously described 2 3 

Dog 41-164, an adult mongrel female ter- 
rier, had been kept anemic by repeated bleed- 
ing for a period of one year The diet con- 
sisted of hospital table scraps One ml of 
turpentine was injected subcutaneously' in 
the left axilla and 2 days later a test dose 
of 38 mg of labelled iron as ferric ammonium 
citrate was given by gavage Four % of 
the test dose was utilized in hemoglobin 
formation A control feeding of the same 
amount of iron a month later showed an 
uptake of 17 6% of the test dose 

Dog 39-196, an adult female mongrel 
spaniel, had been maintained at a low level 
of hemoglobin by bleeding over a period of 
2J 4 j'ears, and splenectomized 14 months 
previous to this experiment The diet was 
low in iron, and consisted mainly' of white 
bread, salmon, and dried milk powder One 
ml of turpentine W’as injected subcutaneously 
in the left axilla Two days later a single 
dose of 38 mg of labelled iron was adminis- 
tered as ferric ammonium citrate by' gavage 
After 9 days 5 3% had been utilized for 
hemoglobin formation In an attempted con- 
trol experiment carried out a month later 

a Hahn, P F , Ro«s, J F , Balfour, XV M , Bale, 
XV F , ana XV hippie, G H , T Fxp Med , 104 a 
< ), 221 5 

3 Hahn, P F , A in T Physiol , 1Q44, 141, 363 
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gum acacia Ten per cent of the estimated 
murine LD50 was administered once daily m- 
trapentoneally for 6 days to hamsters under 
treatment by the method outlined below In 
some instances, serious toxic effects as judged 
by a fall in weight still occurred and ad- 
justment of the daily dose to a lower level 
had to be instituted The routinely used 
standard drug, the diethylammo ethanol of 
sodium antimony gluconate (“Stibanose” or 
“Solustibosan’ ) had a very low toxicity rep- 
resented by an LD50 and standard deviation, 
after a single mtraperitoneal injection into 
mice, of 3550 ± 925 mg per kg In con- 
trast to this quinquevalent antimomal, a 
similar estimate of the LD50 and standard 
deviation of the terValent antimomal, tartar 
emetic, was 60 ± 16 mg per kg 

Standardization of the method of testing 
routinely the chemotherapeutic action of 
drugs in experimental leishmaniasis required 
much time Preliminary experiments with a 
strain of Lcis/tmama infantum, kindly fur- 
nished by Dr S Adler of the Hebrew Uni- 
versity in Jerusalem, produced infections af- 
ter mtrasplenic inoculation but was not satis- 
factory for routine use because of the dif- 
ficulty of standardizing the infection The 
same objection was found to hold when intra- 
lesticular inoculations were made with sev- 
eral strains of Lctshmama By using the 
Khartoum strain of L donovani, which was 
obtained through Dr Henry Meleney, and 
by making a rigidly controlled mtraperitoneal 
inoculation of splenic emulsion, well standard- 
ized leishmaniasis m groups of hamsters could 
be produced 

In routine experiments, one or more groups 
of 100 hamsters about 4 weeks old received 
inoculation from a single suspension of 
ground hamster spleen which was heavily 
parasitized with the Khartoum strain of 
L donovani Each animal was given an 
mtraperitoneal injection of uniformly mixed 
suspension equivalent to 20 mg of spleen 
Careful precautions were taken to avoid bac- 
terial contamination After 4 weeks there 
was usually a patent infection which was 
uniform for the group as judged by liver 
smears obtained by puncture with a 22 gauge 
needle fitted to a syringe Each group of 


100 lvas subdivided at random into groups 
of 5 hamsters Of these sub-groups, one 
served as an untreated control, a second re- 
ceived the standard drug, Stibanose, m a 
daily dose of 500 mg per kg, and the re- 
maining 18 sub-groups received compounds 
of unknown value All solutions or suspen- 
sions of compounds were injected intra- 
pentoneally once daily for 6 days and a 
second liver puncture was made on the eighth 
day — 2 day's after the last injection \t 
this time, usually all the hamsters receiving 
Stibanose were free from leishmaniasis as 
judged by hvci smcais, however, m an oc- 
casional group, liver smears were still positive 
in 1 or 2 of the 5 animals Two weeks 
later animals treated by Stibanose rarely had 
positive liver smears whereas cultures of liver 
in X X N medium were positive in about 
20% The parasitization of control hamsters 
or of others receiving inactive compounds 
progressed rapidly until death owing to renal 
amyloidosis occurred - Remarkably con- 
sistent evaluation of liver smears was ob- 
tained “blindly” by independent observers 
Results could easily be classified as (1) no 
chemotherapeutic effect, (2) a chemo- 
therapeutic effect less than that a Stibanose, 
and (3) a chemotherapeutic effect equal to 
that of Stibanose Rarely, a difference be- 
tween categories (1) and (2) could not be 
decided until further experiments bad been 
completed Additional experiments were per- 
formed with any drug falling m category 
(2) or (3) 

Results Tables summarizing data on all 
compounds not restricted with regard to pub- 
lication can be secured from the authors 
The greatest proportion of active drugs, as 
might be expected, was found among the 30 
antimonials Only 2 of the 16 tervalent 
antimony derivatives were active whereas 8 
of the 14 quinquevalent antimonials were 
beneficial in experimental leishmaniasis No 
new r drug of these groups was as effective 
as known drugs such as Stibanose, Neostam, 
and Neostibosan Fourteen other organo- 
metalhc compounds containing arsenic, bis- 

- Gelllioi b. A, i m Dyke, H B, Pyles, W J , 
rad Tupikori, X A, Proc Soc Exp Biol and 
Mfd , into, 61, 25 
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muth copper, gold or mercurv had no eftect 
on the disease None of 144 aliphatic car- 
bocvclic and heterocvclic non-metalhc com- 
pounds Mas found to possess important anti- 
leishmanial eftects Onlv 4 oi these 144 
compounds administered m large doses in 
terms of toxicitv, had am efiect this efiect 
ra? clearh inferior to that of Stibanose on 


leishmaniasis in hamsters 
Summary A method lor the routine 
e\ aluation of drugs for the therapy of a isceral 
leishmaniasis in the hamster is described 
No drug superior to Stibanose, Neostam or 
Neostibosan was discovered m tests of 27 
other antimomals or oi 15S additional metal- 
lic and non-metalhc organic compounds 
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Effects of Inflammation (Turpentine Abscess) on Iron Absorption 

P F Hahn, W F Bale and G H Whipple 
F rom Ihc Deportment* of Pothotoou mid F odiotonn Pimcr*ttv ot Pochi*tcr 
School oj Mtdicmc and Pnifi*tru 


These experiments with radioactive iron 
are concerned mth iron absorption from the 
intestinal tract as influenced bv mtection 
For many vears pathologists ha\e used the 
turpentine sterile abscess as a means ot studv - 
ing the response of experimental animals to 
a simple inflammator} reaction Several 
dogs were accordinglv studied in order to 
determine how such an inflammation might 
influence the uptake of labelled iron in single 
doses It has been shown that the mdi\ idual 
response to iron therapv is quite variable 
and necessitates control studies m the «ame 
subject 1 The resulting data are summarized 
in Table I 

Experimental Data Dog 40-140 an adult 
female mongrel fox terrier had been main- 
tained by periodic bleeding at an anemic 
level of blood hemoglobin for about I'/o 
} ears The diet consisted of hospital table 
scraps One ml ot turpentine was injected 
m the axdla and the next dav a test dose 
of 10 mg of iron labelled bv radioactiv lty 
uas given bv mouth Subsequent blood 
samples over a 2-vveek period showed an 
uptake of 4 l^c of the dose Control feed- 
ings of iron before and after the abscess 
period showed an average utilization of 2° 55c 
of the dose The methods used m determina- 

i Hilm P F Jones Eclgir Eowe E C 
Monctlv G E mid PeicoA Wendell, Jn J 
Ptnoio? 1Q.T> 143 111 


tions of labelled iron utilization have been 
prev louslv described - 5 

Dog 41-164 an adult mongrel female ter- 
rier had been kept anemic bv repeated bleed- 
ing for a period ot one vear The diet con- 
sisted of hospital table scraps One ml of 
turpentine was injected subcutaneouslv m 
the left axilla and 2 davs later a test dose 
of 58 mg of labelled iron as ferric ammonium 
citrate was given bv gavage Four 5 o of 
the test dose was utilized in hemoglobin 
formation A control feeding of the same 
amount of iron a month later showed an 
uptake of 17 65c of the test dose 

Dog 30-196 an adult female mongrel 
spaniel had been maintained at a low level 
oi hemoglobin bv bleeding over a period of 
vears and splenectomized 14 months 
previous to this experiment The diet was 
low m iron and consisted mainly oi white 
bread salmon and dried milk powder One 
ml of turpentine was injected subcutaneouslv 
m the Jett axilla Two davs later a single 
dose of 3S mg of labelled iron was adminis- 
tered as ferric ammonium citrate by gavage 
After o davs 5 35c had been utilized for 
hemoglobin formation In an attempted con- 
trol experiment earned out a month later 

-Halm, P F Kov* T F , Bnliour W M Bil7 
W F amt VVInppli G II, J Frp 3ft d fos* 
To 

"Ilitm P F Jin r Plnmal 1044 141 aCG 
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gum acacia Ten per cent of the estimated 
murine LDSO was administered once daily m- 
traperitoneally for 6 days to hamsters under 
treatment by the method outlined below In 
some instances, serious toxic effects as judged 
by a fall m weight still occurred and ad- 
justment of the daily dose to a lower level 
had to be instituted The routinely used 
standard drug, the diethylamino ethanol of 
sodium antimony gluconate (“Stibanose” or 
“Solustibosan”) had a very low toxicity rep- 
resented by an LDSO and standard deviation, 
after a single mtraperitoneal injection into 
mice, of 3550 ± 925 mg per kg In con- 
trast to this quinquevalent antimomal, a 
similar estimate of the LDSO and standard 
deviation of the terValent antimomal, tartar 
emetic, was 60 ± 16 mg per kg 
Standardization of the method of testing 
routinely the chemotherapeutic action of 
drugs m experimental leishmaniasis required 
much time Preliminary experiments with a 
strain of Lctshmatua infantum , kindly fur- 
nished by Dr S Adler of the Hebrew Uni- 
versity m Jerusalem, produced infections af- 
ter intrasplenic inoculation but was not satis- 
factory for routine use because of the dif- 
ficulty of standardizing the infection The 
same objection was found to hold when mtra- 
testicular inoculations were made with sev- 


100 was subdivided at random into groups 
of 5 hamsters Of these sub-groups, one 
served as an untreated control, a second re- 
ceived the standard drug, Stibanose, m a 
daily dose of 500 mg per kg, and the re- 
maining 18 sub-groups received compounds 
of unknown value All solutions or suspen- 
sions of compounds were injected mtra- 
peritoneally once daily for 6 days and a 
second liver puncture was made on the eighth 
day — 2 days after the last injection At 
this time, usually all the hamsters receiving 
Stibanose were free from leishmaniasis as 
judged by Itvc> smcais, however, in an oc- 
casional group, liver smears were still positive 
in 1 or 2 of the 5 animals Two weeks 
later animals treated by Stibanose rarelv had 
positive liver smears whereas cultures of liver 
in X X X medium were positive in about 
20 °/o The parasitization of control hamsters 

or of others receiving inactive compounds 
progressed rapidly until death owing to renal 
amvloidosis occurred 2 Remarkably con- 
sistent evaluation of liver smears was ob- 
tained “blindly” by independent observers 
Results could easily be classified as (1) no 
chemotherapeutic effect, (2) a chemo- 
therapeutic effect less than that a Stibanose, 
and (3) a chemotherapeutic effect equal to 
that of Stibanose Rarely, a difference be- 


eral strains of Lcishmanta By using the 
Khartoum strain of L donovani, which was 
obtained through Dr Henry Meleney, and 
by making a rigidly controlled mtraperitoneal 
inoculation of splenic emulsion, well standard- 
ized leishmaniasis in groups of hamsters could 
be produced 

In routine experiments, one or more groups 
of 100 hamsters about 4 weeks old received 
inoculation from a single suspension of 


ground hamster spleen wdnch was heavily 
parasitized with the Khartoum strain of 
L donovani Each animal was given an 


mtraperitoneal injection of uniformly mixed 
suspension equivalent to 20 mg of spleen 
Careful precautions w'ere taken to avoid bac- 
terial contamination After 4 weeks there 
was usually a patent infection which was 
uniform for the group as judged by liver 
smears obtained by puncture with a 22 gauge 
needle fitted to a syringe Each group of 


tween categories (1) and (2) could not be 
decided until further experiments had been 
completed Additional experiments were per- 
formed with any drug falling m category 
(2) or (3) 

Results Tables summarizing data on all 
compounds not restricted with regard to pub- 
lication can be secured from the authors 
The greatest proportion of active drugs, as 
might be expected, was found among the 30 
antimomals Only 2 of the 16 tervalent 
antimony derivatives were active whereas 8 
of the 14 quinquevalent antimomals were 
beneficial m experimental leishmaniasis No 
new drug of these groups was as effective 
as known drugs such as Stibanose, Neostam, 
and Neostibosan Fourteen other organo- 
metallic compounds containing arsenic, bis- 

~ Gellliom, A, vm Dj le, H B, Pjles, W J, 
incl Tupikov'i, X A, Pboc Soc Exr Biol axd 
XIed , 194G, 61 , 25 
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muth, copper, gold or mercury had no efiect 
on the disease None of 144 aliphatic, car- 
bocyclic and heterocyclic non-metallic com- 
pounds was found to possess important anti- 
leishmamal effects Only 4 of these 144 
compounds, administered in large doses in 
terms of toxicity, had any effect, this efiect 
was clearly inferior to that of Stibanose on 


leishmaniasis in hamsters 

Summary A method for the routine 
evaluation of drugs for the therapy of visceral 
leishmaniasis in the hamster is described 
No drug superior to Stibanose, Neostam or 
Neostibosan was discovered m tests of 27 
other antimomals or of 158 additional metal- 
lic and non-metallic organic compounds 
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Effects of Inflammation (Turpentine Abscess) on Iron Absorption 
P F Hahn, \V F Bale, and G H Whipple 

Prom llic Departments of Patholoau and Padtologn Unncrmtii of Itochcstcr, 
School of Medicine and Dcntistru 


These experiments with radioactive iron 
are concerned with iron absorption from the 
intestinal tract as influenced by infection 
For many a ears pathologists have used the 
turpentine sterile abscess as a means of study- 
ing the response of experimental animals to 
a ° simple inflammatorv reaction Several 
dogs were accordingly studied in order to 
determine how such an inflammation might 
influence the uptake of labelled iron in single 
doses It has been shown that the individual 
response to iron therapy is quite variable 
and necessitates control studies in the same 
subject 1 The resulting data are summarized 
m Table I 

Experimental Data Dog 40-149, an adult 
female mongrel fox terrier, had been main- 
tained by periodic bleeding at an anemic 
level of blood hemoglobin for about 2)4 
y'ears The diet consisted of hospital table 
scraps One ml of turpentine was injected 
m the axilla and the next day' a test dose 
of 10 mg of iron labelled by radioactivity 
was given bv mouth Subsequent blood 
samples over a 2-week period showed an 
uptake of 4 1% of the dose Control feed- 
ings of iron before and after the abscess 
period showed an average utilization of 29 5% 
of the dose The methods used m determma- 

i Halm, P F , Jones, Edgar, Lowe, R C 
Meneeh , G R, and Peacoch Wendell, Am J 
PJmsicd , 1045, 143 191 


tions of labelled iron utilization have been 
previously' described 2 3 

Dog 41-164, an adult mongrel female ter- 
rier had been kept anemic by repeated bleed- 
ing for a period of one y ear The diet con- 
sisted of hospital table scraps One ml of 
turpentine was injected subcutaneously in 
the left axilla and 2 days later a test dose 
of 38 mg of labelled iron as ferric ammonium 
citrate was given by gavage Four % of 
the test dose was utilized in hemoglobin 
formation A control feeding of the same 
amount of iron a month later showed an 
uptake of 17 6% of the test dose 

Dog 39-196, an adult female mongrel 
spaniel, had been maintained at a low level 
of hemoglobin by bleeding over a period of 
2)4 years, and splenectomized 14 months 
previous to this experiment The diet was 
low in iron, and consisted mainly' of white 
bread, salmon, and dried milk powder One 
ml of turpentine was injected subcutaneously' 
in the left axilla Two days later a single 
dose of 38 mg of labelled iron was adminis- 
tered as ferric ammonium citrate by' gavage 
After 9 days 5 3% had been utilized for 
hemoglobin formation In an attempted con- 
trol experiment carried out a month later 

2 Il'ihn, P F , Ross, J F , Balfour, W M , Bale, 
W F, and Wlupple, G H , J Exp Med, 3942, 
75, 221 

3 Halm, P F, Am J Plninol 1944, 141 , 3G3 
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TABLE I 


Iron Absorption bv Dogs v.itli Submit meous Turpentine Abscesses md During Control Periods 


Dog 

Date 

1943 

Hct 

% 

Doso 

mg 

Form % absorption 

Experiment type 

40 149 

6/17 

13 4 

9 

FeCL 

41 0 

Control 

> 7 

7/20 

23 0 

10 

7 7 

41 

Turpentine 1 dir pievious 


9/13 

18 3 

10 

77 

381 

Control 

41 164 

1/9 

26 9 

38 

FAC 

41 

Turpentine 2 dajs previous 


2/8 

28 6 

34 

7 7 

17 6 

Control 

37 196 

1/9 

22 4 

38 

7 7 

5 3 

Turpentine 2 dajs previous 


2/S 

23 4 

34 

7 7 

69 

Control 


(Tins animal bad been splencctomired and tus tlierefore liable to Bartonella infection That 
tins infection was present ms later indicated bj icaction to Itaphorsen) 

Balance sheet on 1/9/43 feeding of dog 37 196 


1/19 Hot 35 2% estimated CV =265 Total eircul itmg RnFe = 4720 c/m 

2/3 ” 28 7 ” ” ” — 635 

Radioactivity lost to circulation = 4085 
R idioactmty found in 3900 ml blood removed in period 1/19 to 2/3 = 4045 
Tins b iloncc indicates tb it there was no addition il absorbed and stored radio iron to be 
used under the stimulation of blood loss 

6 9 % of a similar test dose was utilized 

This dog subsequently showed a low rate 
of hemoglobin production on an adequate 
diet, a result consistent with an infection 
with Bartonella cams, a common finding on 
splenectomized dogs This probability was 
further supported by a much more rapid rise 
in hemoglobin after administering 18 mg of 
Mapharsen by vein 

Balance sheet data in Table I show that 
on subsequent bleeding there was a quantita- 
tive accounting for the labelled iron m cir- 
culation, but no further mobilization of la- 
belled iron from the tissues under the stress 
of the resulting anemia This indicates that 
infection had prevented the absorption of 
iron 

Discussion It seems apparent from these 
3 experiments that inflammation accompany- 
ing the presence of turpentine m the sub- 


cutaneous tissues markedly reduces the ability 
of the dog to absorb iron from the gastro- 
intestinal tract These findings are of in- 
terest because of the frequent occurrence of 
anemias, often refractory to treatment, as- 
sociated with infections and inflammatory 
disease That the utilization of iron already 
m the body of dogs may be hindered by 
infection has also been reported by Robscheit- 
Robbins and Whipple, 4 and recently by Gib- 
son and Finch (personal communication) m 
studies on human subjects using radioactive 
iron 

Summary The radioactive isotope of iron 
shows that iron absorption from the gastro- 
intestinal tract of the dog is impaired by the 
presence of a sterile abscess in subcutaneous 
tissue 

•* Eobscheit Robbins, F S, and Whipple, G H, 
J Exp Med, 1936, <5 3, 767 



407 


15335 

Electrocardiographic Changes m Hemorrhage and Ischemic Compression 

Shock* 


Jose Manrique Izquieta,! and Bernard Pasternack 
(Introduced by Carl J Wiggers ) 

Trom the Department of Phpsioloay, Western Dcscrtc Unnersit// Hectical School, 

Clcieland, Ohio 


Prolonged and severe posthemorrhagic hy- 
potension, as in standardized procedures de- 
scribed in \anous communications from this 
laboratory’, 1 - produces an irreversible state 
This is evidenced by the fact that reinfusion 
of all withdrawn blood only temporarily re- 
stores normal blood pressures, within inter- 
vals of /4 to 4 hours arterial pressures pro- 
gressively decline and the animal dies Evi- 
dence has been presented 3 1 3 that impair- 
ment of the myocardium is a factor in this 
unfavorable response to blood transfusion If 
this is true, it is reasonable to expect that 
a methodical series of electrocardiograms 
taken during the course of such experiments 
might manifest some changes 
Ischemic compression shock as produced 
by Green ct al 6 likewise produces progressive 
circulatory failure which is benefited onlv 
temporarily by transfusion of blood or arti- 
ficial blood substitutes The changes in ef- 
fective venous pressures and the reactions of 
the myocardium to equivalent venous pres- 
sures have not been reported 
Methods Dogs, 10-17 kilos in weight, were 


* 'Supported b\ i grant from the Commonwealth 

Fund 

t Permanent iddrcss, t’luversiti of Guaaquil 
Ecu ulor 

1 M lggers C T , and VV erle, I it , Ppoc Soc 
Exp Bioi vnd Med 1042, 49, 004 
- Huizinga, K V , Brofman, B L , and Wig 
gers Carl J J Pharm and Exp Thcrap , 1943, 
78 , 139 

3 VV lggers Carl J, and Merle J M, Am J 
Physiol , 1942, 130, 421 
1 VVcgria, Rene, Guevara Rojas, A , and Wig 
gers, Cirl J , Am J Physiol , 1943, 138 , 212 
s Wiggers, C J , Ain J Physiol , 1945, 144 , 91 
* Grim, H D, Dworkin, R M, Antos, R J, 
and Bergeron, R , Am J Physiol, 1944, 142 , 494 


anesthetized with morphine (ca 3 mg) and 
sodium barbital (ca 200 mg /kilo) Standard- 
ized hemorrhagic shock was produced m 9 
dogs as in previously reported experiments 
The animals were bled until mean arterial 
pressure fell to 50 mm and this pressure was 
approximately maintained for 90 minutes 
At the end of this period pressure was re- 
duced to and maintained at 30 mm for 45 
minutes A.11 withdrawn heparinized blood 
was then reinfused and the onset of circulatory’ 
failure awaited 

Ischemic compression shock was produced 
in 9 dogs by the method described by Green 
ct al u Both hind legs were wrapped tightly 
from ankle to groin with stretched rubber 
tubing This generally resulted m hyperten- 
sion and dyspnea After 6 hours the tube 
wrapping was removed The arterial pres- 
sure fell rapidly to slightly subnormal levels 
and thereafter progressively’ declined to 50 
or 40 mm Hg in 2 to 6 hours 

In both types of experiments complete 
series of electrocardiographic leads were taken 
at frequent intervals Each series consisted 
of the 3 standard leads and 4 or 5 precordial 
leads using the central terminal of Wilson 
In some experiments 3 “augmented leads” 
after the method of Goldberger were taken 
Electrodes covered wnth a layer of cotton 
saturated with normal saline solutions were 
placed under the skin and left m place 
throughout the experiments Mean blood 
pressure was recorded continuously from a 
femoral or carotid artery’ 

Results tn Hemorrhagic Shock With the 
exception of one dog, all showed normal 
electrocardiograms during the control period, 
but revealed more or less displacement of 
the S-T segment m several leads during the 
50 and 30 mm periods These electrocardio- 
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grams generally became normal again im- 
mediately after reinfusion, but again devel- 
oped about the same degree of S-T displace- 
ment as arterial pressure began to fall One 
dog showed no significant changes at any 
time The S-T displacement usually varied 
from OSS to 25 mv The greatest displace- 
ment usually occurred in leads \ 2 and Vi, 
less often in leads II and III (standard), 
and rarely in lead I In S of the 8 dogs, 
depression of the S-T segment was much 
greater during the period of initial hypo- 
tension than during circulatory failure fol- 
lowing remfusion and in 2 instances no devia- 
tion of the S-T segment occurred during post- 
mfusion circulatory failure 


Sample records of leads II, V 2 and V 3 dur- 
ing the course of one experiment are repro- 
duced m Fig I It can be seen at a glance 
that the character of QRS changes during 
the course of the experiment This is not 
remarkable or significant when we consider 
that the size and position of the dog’s 
ventricles and their relation to the chest wall 
change as a result of withdrawal and rem- 
fusion of blood and possible changes m the 
expiratory position of the thorax 7 Whether 
this also enters into changes in the configura- 
tion of T waves m the upper 3 records must 
remain undecided at the present time How- 
ever, it is improbable that displacements of 
the S-T segment with peaking of the large 
T wax'es in records 4, 6 and 7 can be re- 
ferred to factors other than functional 
changes in the myocardium Curves 1 show 
normal controls, curves 2 and 3 were taken 
at the beginning and end of the 50 mm 
period of post-hemorrhagic hypotension In 
both series the downward displacement of 
S-T is significant Series IV at the end of 
the 30 mm period still reveals displacement 
and a peaked T wave, particularly m leads 
Vj and V 4 Series V, taken within 15 min- 
utes after remfusion, shows no significant 
changes in QRS The T waves are small 
and S-T depression is absent in the chest 
leads Series VI was taken about hour 
after remfusion, while arterial pressure was 
still sustained Marked depression of the 
S-T segment redeveloped particularly in leads 
Vj and V g , and T becomes larger and peaked 
m chest leads Series VII was taken during 
the subsequent circulatory failure w’hen 
arterial pressure had declined to about 60 
mm Hg Persistence of S-T depression and 
the large peaked T is obvious 
Conclusions Constant displacement of the 
S-T segment in several leads (one exception) 
during the periods of severe hypotension in- 
dicates that functional myocardial changes 
occurred as a result of reduced coronary blood 
flow The persistence of such changes after 
remfusion, or their reappearance before 
arterial pressure has declined a great deal, 
strongly support the concept that functional 

7 Hirris, A S , Am J Pin/siol , 1945, 143, 140 
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Fig 


mvocardial changes contribute to the subse- 
quent circulator} failure 

Results tn Ischemic Compression Shock 
In 9 annuals, to our surprise, significant S-T 
deviations generallv appeared m several leads 
during the 6-hour period when compression 
tubes were kept on and while hvpertension 
(140-210 mm Hg) existed In 3 dogs the 
S-T segment was elevated and m 6 depressed 
( 03- 2 mv ) (In one dog the S-T segment 
reverted to normal and in another it in- 
creased progressively) Although dogs were 
fulK anesthetized, painful stimulation was 
indicated bv the augmented breathing and 
other reactions It appears that such reflex 
stimulation in some wav affects the myocar- 


dium, as indicated bv S-T displacement This 
is supported by the fact that upon removal 
of the tubing and release from painful stimula- 
tion, the S-T displacement was decreased or 
abrogated in 7 dogs However, the displace- 
ment of S-T increased m 2 animals As 
circulator} lai)ure developed, the displace- 
ment increased m one dog only, in the others 
it remained nearly the same If these electro- 
graphic signs are diagnostic of myocardial 
impairment it appears that the damage gen- 
erally occurs during compression rather than 
after its release As in hemorrhagic shock, 
the changes m T waves consisted chiefly of 
an increase m amplitude of T deflections and 
sharper peaks inversion was never observed 

Tvpical changes in leads IIi, Y Jt and \a 
from 2 animals during compression and de- 
compression are reproduced in Fig 2 In 
record 1 taken during compression, slight 
displacement of S-T is seen in leads II and 
\~> Upon decompression, shown m record 2 
the displacement becomes very marked m 
leads \ _> and V Such reactions occurred 
m 2 dogs only The typical effects m the 
other dogs are shown in curves 3 and 4 In 
curve 3 taken during compression, definite 
elevation of S-T is shown in leads V> and V 3 
After decompression (curve 4) this displace- 
ment is abrogated 

In this connection the observations of 
Cicardo s that the plasma potassium of 
femora! venous blood is definitely^ increased 
immediately after removal of a tourniquet 
(avg 11 2 < 15 2 mg %), require correlation 
The fact that characteristic displacements m 
S-T segments are not generally increased, 
but more often reduced after removal of 
the rubber tubes, suggests that the increased 
quantities of potassium which may enter the 
circulation after decompression are not al- 
ways sufficient to be detectable by electro- 
cardiographic leads 

Effects op Massage Since the electro- 
cardiographic changes during the course of 
circulatory failure did not alter significantly, 
the procedure was altered in the latter ex- 
periments by massaging the swollen limbs 

»Cicir<fo, V H, i?(i (? 1 Hoc Art 7 
Wt3, 10, 311 
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Fig 3 


It was obvious from observations of arterial 
pressures that this hastened the downward 
course materially As a rule, each period of 
massage decreased the heart rate materially 
Thus, m several animals the following 
decelerations were observed 204 > 160, 
136 > 96, 220 > 180, 160 > 60 per minute 
A drop of blood pressure attended each re- 
duction in heart rate Electrocardiograms 
showed a definite increase m S-T segment 
displacement as illustrated in curve 5, Fig 2 
One dog developed atrial fibrillation 32 min- 
utes after massage, another showed a pro- 
nounced elevation of the S-T segment, and a 
third passed into ventricular fibrillation 

Fig 3 illustrates changes m V>) leads of 3 
different animals Record 1 show's atrial 
fibrillation with marked peaking of T waves, 
record 2 shows bradycardia of a dying heart, 
and record 3 broad deflection preceding 
ventricular fibrillation Attention is called 
to the fact that ventricular fibrillation does 
not develop from a series of progressively 
accelerating beats, as after electrical stimula- 
tion or coronary occlusion, but is preceded 
by broad deflections similar to those reported 
as preceding fibrillation due to K or digi- 
talis 0 10 

"Tivlggers, Cirl J, Am~J Physiol, 1930, 93, 
197 

lOWegrn, B , Gejer, J H, and Brown, B S, 
j Pharm aiul Exp Thcrap , 1941, 71, 336 


We may therefore conclude on the basis 
of our experiments that while absorption of 
substances with a potassium-like action is 
not always detectable by electrographic 
technics when limbs are kept at rest, such 
substances are obviously present in tissues 
submitted to prolonged ischemic compression, 
and can be pressed into the circulation by 
massage (and possibly movements) m suf- 
ficient amounts to accelerate the production 
of circulatory failure Electrographic studies 
strongly suggest that cardiac damage plays 
an important role, and indeed may be a 
cause of sudden death after massage The 
importance of complete rest of damaged limbs 
is reemphasized 

Summary Changes in configuration of 
records from chest leads paired with a central 
terminal and of the 3 standard electrocardio- 
graphic leads were studied during the course 
of standardized hemorrhagic shock and 
ischemic compression shock produced m dogs 
During post-hemorrhagic hypotension (50- 
30 mm Hg) displacement of the S-T seg- 
ment m several leads occurred m 8 out of 
9 animals The greatest displacement usually 
occurred in leads Vs and V3, it occurred 
less often in leads II and III, and rarely in 
lead I The electrocardiograms became nor- 
mal again after replacement of withdrawn 
blood, but S-T displacement redeveloped and 
the T waves became large and sharp before 
arterial pressure had started to fall The 
electrographic changes support the concept 
that myocardial changes develop m hemor- 
rhagic shock Similar changes m T wave 
and S-T segment m several leads — dominant- 
ly m V3 and V 3 — also occurred m ischemic 
compression shock The alterations occur 
soon after limb compression by rubber tubes 
reflexogenic origin is postulated In 7 out 
of 9 dogs displacement of the S-T segment 
decreased materially, or was completely 
abolished on removal of the compression 
tubes The displacement increased in only 
one animal with development of circulatory 
failure However, a prompt, marked increase 
in the S-T segment occurred when a bruised 
limb was massaged, and various serious cardiac 
disturbances (marked slowing, atrial and 
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ventricular fibrillation) dev eloped after v igor- 
ous massage The results suggest that to\ic 
substances with potassium-like actions are 
present in damaged tissues, that they do 
not enter the blood stream in sufficient 


amounts to be detectable when limbs are kept 
at rest, but that they may contribute ma- 
terially to the circulator}' failure and e\ en 
lead to prompt cardiac death whenever limbs 
are massaged 
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Respiration o£ Heart Muscle Slices from Rats m the Terminal Stage of 

Hemorrhagic Shock * 

Walter J Burdette and Alfred E Wilhelmi (Introduced b\ C N H Long ) 
From the Department of Surgery anil the Department of Physiological Chemistry, 

Talc Vnncrsity, Kew Eaten, Conn 


Although venous return, cardiac output, and 
blood pressure are diminished in shock, it is 
usually assumed that the condition of the 
heart muscle plays no part m the develop- 
ment of severe states of shock Reflex dilata- 
tion of the coronary' -vessels and the conse- 
quent re-routing of larger amounts of blood 
through the lungs tend to favor the oxygen 
supply of heart muscle However, a period 
of relative anoxia of the cardiac muscle in 
the early stages of shock after hemorrhage 
may lead to an impaired ability' of the muscle 
to consume oxygen A fall m the rate of 
energy production of the heart muscle might, 
therefore, play' a part in the reduction of 
cardiac output and of blood pressure seen 
in shock The possibility that the rate of 
respiration of heart tissue, like that of liver 
tissue, 1 is depressed in hemorrhagic shock 
m the rat has, therefore, been examined m 
a short series of experiments 

Methods Shock was produced m male 
rats of the Sprague-Dawley strain, weighing 
between 220 and 250 g, by slow hemorrhage 
from the tail vein and subsequent replace- 
ment of the blood volume according to the 
method of Sayers, Sayers, and Long 2 In 
this procedure a prolonged state of severe 
shock is developed, and the animal dies, even 

* The nark described m this piper was done 
under i contnct, recommended by the Committee 
on Itedieil Research, between the Office of Sci- 
entific Research md Development and Tile Uni- 
versity 


though more than the original volume of 
blood lost by hemorrhage is replaced When 
each animal was in the last stages of shock, 
several minutes before death was expected 
(as indicated by the gasping nature of the 
respiration), the heart was quickly excised, 
immersed in physiological salt solution until 
the blood had been pumped from the 
ventricles, and the great vessels were trimmed 
away Thin slices of the heart muscle were 
prepared and collected m a moist chamber 
immersed m ice Samples of the tissue 
weighing about 85 mg were distributed in 
Warburg vessels containing 1 5 ml of Krebs’ 
physiological salt solution buffered with phos- 
phate (0 017 M, pH 7 4) Parallel samples 
m duplicate were weighed into tared vessels 
and placed in the oven for drying to con- 
stant weight at 110°C The percentage dry' 
weight so obtained was used to calculate the 
dry' weight of the tissue samples used for 
the measurement of respiration, and the 
rates of oxygen uptake were thus calculated 
in terms of the initial dry' weight of the 
tissue The oxygen uptake was measured m 
the Warburg apparatus, at 38 °C, under an 
atmosphere of 100% oxygen, using 4 vessels, 
2 without and 2 with added substrate The 
substrates used were glucose (200 mg %) and 
sodium pyruvate (0 02 if) Addition of 

i Bussell, J A, Dong, CEE, and Wilhelmi, 
A E , J Exp Ecd 1944, TO, 23 

- Savers, G, Savers, IX A, and Long, C X H, 
unpublished observations 
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TABLE I 

R ites of Oxr gen Upt iKe of Heart Muscle Slices from Normal Kits 'i ml from Bits in the Terminal 
St igcs of Prolonged Sturt Hcmouli ign. Shock, in tlie Absence of Substrite and in the Presence of 
0 02 M Sodium P}rmate 


Substr ite 

Group 

No of : 
tmm its 

No of deter 
mimtions 


30 

00 

90 

( 

Control 

0 

18 

Mean Q(p>* 

7 8G±34t 

7 0±3 

7 14± 29 

None \ 




P 

02 

05 

01 

1 

experiment il 5 

10 

Mean Qo; 

5 74± 34 

0 22± 39 

4 82± 38 

Sodium 

| Control 

7 

14 

Me in Qo > 

0 13-+- 35 

11 3±4 

10 59-+- 24 

P\ru\ ite 

1 



P 

01 

01 

03 

( 02 -At ) 

[ W 

5 

10 

Mean Q 0 a 

7 Gl± 30 

9 7±3G 

9 85± 33 


* Cu mm of ox'gtn consumed per mg of mitnl drj weight per liour 
t St indard eiror of the menu 


0 5 ml of substrate solution or of physiological 
salt solution from the side bulbs of the ves- 
sels was made after an equilibration period 
of 10 minutes Control observations were 
made on tissue slices prepared from the hearts 
of normal rats anesthetized with nembutal 
(4 mg per 100 g of body weight) 

Results and Discussion In 2 preliminary 
experiments it was found that added glucose 
depressed the ox\gen consumption of normal 
cardiac muscle slices There was a uniform 
ele\ ation of the rate of oxygen uptake when 
sodium pyruvate was used as a substrate, 
and the remainder of the experiments were 
carried out in duplicate with this substrate 
It was found that no additional information 
was obtained when the incubation was pro- 
longed beyond 90 minutes, the decrement in 
rate of respiration being similar for cardiac 
muscle slices both with and without substrate 
There w T as no significant difference in the 
initial dr} weights of heart tissue samples 
from control and experimental animals The 
percentage in the former was 22 1 ± 2 2 and 
m the latter it was 20 9 =fc 2 9 


The results of a series of observations on 
control animals and on animals in the terminal 
stages of hemorrhagic shock are summarized 
m Table I The rate of oxygen uptake, in 
the absence of substrate, of heart muscle 
slices from rats m shock is significantly less 
than the normal rate This difference in- 
creases with increasing time of incubation, 
indicating that the respiration is also less 
well maintained than it is m heart muscle 
Ices from normal rats In the termina 
stages of shock after hemorrhage, the rate 


of respiration of the heart muscle is, there- 
fore, moderately depressed If, however, this 
effect is to play a part m the development 
and maintenance of shock, it must occur at 
a much earlier time Further experiments 
are necessary to determine how soon such 
an effect on cardiac respiration may develop 
The rate of oxygen uptake of heart muscle 
slices from rats in shock, in the presence of 
sodium pyruvate, is also less than the nor- 
mal rate, but the observed differences in 
rate are not at any time significant There 
is therefore, no conclusive evidence of im- 
paired ability of the heart muscle to utilize 
pyruvate or to maintain respiration at the 
higher rate attained after the addition of 
this substrate It is possible, however, that 
a real difference in the rate of oxygen uptake 
of heart muscle from rats m shock and from 
normal rats might become apparent with a 
saturating concentration of pyruvate 

These preliminary observations on cardiac 
tissue metabolism m the terminal stages of 
hemorrhagic shock indicate that a further 
study of changes in cardiac metabolism dur- 
ing shock might be profitable It is desirable 
to repeat these experiments on animals in 
earlier stages of shock and to supplement 
the studies on respiration with determination 
of rates of glvcolvsis and of the lactic acid 
and glycogen content of the heart muscle 
of animals in various stages of shock 

Summary The rate of oxygen uptake 
of heart muscle slices from rats m the 
terminal stages of prolonged severe hemor- 
rhagic shock is significantly less than normal 
in The absence of substrate In the presence 





Thiamin Deficiency and Susceptibility to 5 typhx murium 


413 


of pyrmate (0 02 M) the rate of o\ygen 
uptake is increased, but is still less than the 
normal rate There is, therefore, no con- 


clusive evidence of impaired ability of the 
heart muscle to oxidize pyruvate in these 
circumstances 
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Thiamin Deficiency and Susceptibility of Rats and Mice to Infection Midi 

Salmonella typfn murium * 

K Guggenheim and Edith Buechler (Introduced by B Zondek ) 

From the Department of Engine and Bacteriology Eclrcii Unncrstty, Jerusalem 


It has been shown that rats and mice which 
are deficient in either nbofla\m, utamin A. 
or biotin are markedly susceptible to infec- 
tion with Salmonella (riboflavin Khgler, 
Guggenheim and Buechler, 1 \ itamin A 
Khgler, Guggenheim and Henig 2 biotin 
Khgler, Guggenheim and Herrnheiser) 3 In 
vitamin A deficiency the resistance falls 
noticeably m late stages of the avitaminosis 
and is similar m extent to that of animals 
given adequate amounts of vitamin A but 
allowed only as much food as is ingested by 
animals on vitamin A-free diet In riboflavin 
deficiency, on the other hand, a specific 
effect on the susceptibility of the animals 
to Salmonella is achieved The susceptibility 
of riboflavin-deficient mice to Salmonella in- 
fection exceeds both that of paired lsocaloric- 
fed mice on full vitamin diet and that of 
normal control mice The effect of biotin 
deficiency is an even more specific one In 
this case the increased susceptibility precedes 
the fall m the food intake and cannot, 
therefore, be due even partially to the latter 

Below we present experiments concerning 
the effect of thiamin deficiency on the sus- 
ceptibility of rats and mice to Salmonella 
infection 

* These studus wire supported in i grant from 
the Palestine Endowment Fund, New York 

l Kligltr I J , Guggenheim, K , and Buechler, 
E , Proc c oc Exp Biol \sd Med 1944, 57, 
132 

- Kligter, I J , Guggenheim, X , and Henig, E , 
T 71 1/<7 1945, 44, G1 

3 Kligltr, I T , Guggenheim, K and Htrrn 
licistr, H , J Inf Dis , m press 


Methods The rats and mice were taken 
from our breeding stock after weaning The 
experimental diet consisted of 72 parts rice 
flour, 13 parts casein, 8 parts dried yeast 
and 4 parts salt mixture After autoclaung 
for 6 hours at a pressure of 13 lb 3 parts 
olne oil and 2 mg calcium pantothenate 
per 100 g food were added Each rat was 
given 100 I U vitamin A and 4 I U vitamin 
D twice a week, the mice receiving half 
this amount The control and paired-fed 
rats received m addition daily 20 y thiamin, 
the control and paired-fed mice recened 
10 y of thiamin daily 

The strain of Salmonella typhi murium 
employed for the production of the experi- 
mental infections was the same as that used 
m earlier experiments 

Results I Experimental infections of rats 
Forty -eight animals were divided into 3 
groups Group A received food ad libitum 
without supplement of thiamin group B was 
paired-fed with group A and received a sup- 
plement of thiamin, group C received food 
ad libitum and supplement of thiamin The 
ingestion of food m group A was m the first 
2 weeks of the experiment normal but from 
the third week began to fall oft gradually, 
until it rated m the fifth week of the ex- 
periment only one-half that of group C The 
weights became constant at this stage As 
rats of group A reached this stage of 
avitaminosis, all 3 groups were infected per os 
with 0 1 cc of a 24-hour broth culture of 
Salmonella typhi murium diluted 1 10 with 
milk Three davs later the animals were 
killed, and cultures were made from their 
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liver, spleen and mesenteric glands The 
results are given m Table I The thiamm- 
deficient and paired-fed rats proved markedly 
less resistant to Salmonella infection than the 
controls Statistically this diminished re- 
sistance was found to be highly significant 
The decrease of resistance was reflected both 
m the incidence and m the manner of dis- 
tribution of the infection 
The similar response of the paired-fed and 
of the avitaminotic group shows the non- 
specific nature of the effect of thiamin de- 
ficiency This is confirmed by the experi- 
ments m which rats in an early stage of 
avitaminosis (after 2 weeks of the deficiency 
diet) were infected, i c , before any decrease 
in food intake had occurred As may be 
seen from Table I, hypovitammotic rats are 
not more susceptible to infection than the 
controls 

II Observations on experimental epidemics 
nt mice Four-week-old litter mates were 
taken directly from the mothers and divided 
into 3 groups, each group comprising 60 
mice Group A xvas kept on our thiamin- 
deficient diet, which was given ad libitum, 
group B was isocaloncally paired fed to A 
with thiamin supplement, whereas group C 
received food ad libitum with thiamin sup- 
plement Each group was divided into 4 
cages, IS mice per cage At the start of 
the experiment one mouse in each cage was 
infected xvith 0 05 cc of a 24-hour broth 
culture of Salmonella typln murium Cul- 
tures were made from the liver, spleen and 
mesenteric glands of mice w r hich died during 
the followung fortnight At the termination 
of this observation period the survivors were 
killed and examined similarly The results 
are summarized in Table II The table 
shows that the gain of weight of mice kept 
on a thiamin-deficient diet is significantly 
below' that of the 2 other groups, although 
the food intake of the paired-fed group and 
of the control mice was practically the same 
It is also evident that the thiamin-deficient 
mice showed a markedly higher rate of in- 
fection than the paired-fed and control mice 
This enhanced susceptibility to infection on 
the part of the thiamin-deficient mice can 
only be attributed, therefore, to their thiamin 
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deficiency 

A feeble effect of thiamin deficiency is 
already demonstrable, as the following ex- 
periment shows, on the eighth day of the 
obser\ation period 84 litter mates were 
divided into 2 groups The animals were 
kept in cages which contained 21 mice each 
One mouse in each cage was infected, as 
described above and the entire mouse popula- 
tion was then treated m the manner of the 
former experiment, with the exception that 
the survivors ivere killed after 8 days As 
may be seen from Table II, a difference in 
the incidence of infection m the thiamin- 
deficient group is already' demonstrable at 
this early date It is evident, however that 
the mouse organism is still able at this stage 
to combat the invasion of bacteria from the 
mesenteric glands 

Discussion The experiments and observa- 
tions reported above provide an unequivocal 
answer to the question, whether thiamin de- 
ficiency affects resistance to Salmonella in- 
fection When rats and mice are placed on 
a thiamin-deficient diet, they evince markedly 
increased susceptibility to enteric infection 
already within a few weeks 

There is a significant difference between 
the behaviour of the rat and of the mouse 
Whereas m the case of the mouse the di- 
minished resistance is exclusively attributa- 
ble to the thiamin deficiency', the higher 
susceptibility' of rats is due to the inanition 
which accompanies avitaminosis The mice 
behave, in other words, as m the case of 
biotm deficiency, 3 whereas the rats behave 
as in the case of vitamin A deficiency 2 

The effect of thiamin deficiency on re- 
sistance to infection has been studied by' 
several authors Badger, Masunaga and 
Wolf 4 observed a diminished resistance to 
rat leprosy' in thiamin deficiency' A high 
susceptibility to experimental pneumococcal 
infection could be shown by Woole_v and 
Sebrell’ m mice and by Robinson and Siegel® 

I Badger, L F, Masumga, E, and Wolf, D, 
Pub Health Pep, 1040, 55, 1027 

5 YVoolei, J G and Sebrell, YV H,Pub Health 
Pep 1942, 57, 149 

r Robinson, H J and Siegel, H, J Inf Dis , 
1944, 75, 127 
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m rats The diminished resistance w as found 
to be due to the avitaminosis per se, the 
concomitant starvation having no apparent 
influence Thiamin-deficient rats show also 
a lowered resistance to infection by Nip- 
postrongylus mum 7 On the other hand, 
thiamin-deficient mice exhibit an increased 
resistance to infection with Theiler’s virus 
and poliomyelitis s * 11 Clark, Waisman 
Lichstem and Jones 12 showed, however, in 


7 Witt, TV C Am 7 Him , 1 044 10 141 
^ Foster C, Tones, T II, Ilonle, TV , and Port 
mm, T, Am 7 Me / 7 Se , 1041, 201, 465 

0 Tostcr, C , Tones T II , Ilonle, TV md 
Dorfmm, F, Science, 3641, 07, 207 
n> Foster C , Tones, T II , Ilonle, TV , md 
Dorfmm, r, T hrp Med , 1044, HO, 257 

li Rasmussen V F , Wmsnnn, II A , Eheliicm, 
C A anti Clark, P F, 7 Inf D/s, 1044, 74, 41 


studies with Macaca mulatto, that this species, 
when deficient in thiamin, does not exhibit 
increased resistance to poliomyelitis virus 
Further study of the effect of thiamm de- 
ficiency on the resistance of difterent species 
of animals to bacterial and viral infection 
seems, therefore, to be necessary 

Summary (1) Rats and mice kept for 
a few' weeks on a thiamin-deficient diet show 
diminished resistance to oral Salmonella fvp/u 
murium infection 

(2) In rats the lowered susceptibility is 
secondary to inanition On the other hand, 
m mice the diminished resistance to Salmonella 
infection is a primary result of the thiamm 
deficiency 

i-' Clark P F , VVucm m, H A , Lichstem, H 
0 and Toius E 8, Proc Soc Exp Biol and 
M r», 3045, 58, 42 
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Rh Antigen and Hapten Nature of Antigen and Its Isolation from 

Erythrocyte Stroma 

Melvin Calvin, Robert S Evans, Vera Behrendt, and Genevieve Calvin 
(Introduced by A L Bloomfield ) 

From the Department of Chemistry Unn crsiti/ of California, Bcilclcii, and the Dcpai tment of 
Medicine, Stanford Cnnersitn School of Medicine, San Francisco, Calif 


Introduction The demonstration of the 
role played by' the Rh factor of human 
erythrocytes m isoimmunization 1 2 leads to 
speculation concerning the usefulness of the 
isolated antigen or hapten m modification 
of the sensitized state This would be par- 
ticularly' important in hemolvtic disease of 
the newborn, in which maternal anti-Rh anti- 
bodies enter the foetal circulation and pro- 
duce accelerated hemolysis of the infant’s 
erythrocytes It seems possible that a prep- 
aration of Rh antigen could be used to 
neutralize the anti-Rh antibodies m the ma- 
ternal circulation and tissue If sufficient 
P<-te.s, II R Ann lnt 

Med , 1640, 11, 2300 

- Lev me, P, Katr.ii, E M, md Burnham, L 
7 A M A, 1941, 11C, S23 


antigen could be injected at regular intervals 
antibody formation, which apparently has 
some natural limitation, could be overwhelmed 
and the subject kept m a state of 
desensitization until pregnancy is terminated 
If the isolation and purification of the Rh 
antigen can he carried to the point of separa- 
tion of the Rh hapten from the associated 
protein it would presumably no longer pos- 
sess antigenic qualities but w'ould still be 
capable of neutralizing the antibodies 
Belkin and Wiener 3 have shown by serum 
inhibition experiments that the Rh factor 
as well as the A and B substances can be 
demonstrated m roughly quantitative amounts 
in the stroma of human erythrocytes We 

- Bilk.il R, and Bienoi, A S, Proc So c Exp 
Biol and Med 1944, 50, 214 
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TABLE I 

Selective Inhibition of Vnti Rli„ Scrum In Stroma from Rh Positive Colls 

Dilutions of 109c stronn susiiinsion 11 11 14 IS 110 13. 

Stroma from Bli-j- cills 0 0 0 0 + + 

’ ’ Eli — + + + + + + 


ha\e undertaken to find means of separating 
the Rh antigen from other components of 
erythrocvte stroma by chemical and physical 
methods and to obtain information as to 
the nature and properties of the antigen 
Material and Methods 1 General methods 
for production of post hemolytic residues or 
stroma The erythrocytes used were obtained 
from citrated blood after centrifugation and 
removal of the plasma * Usually only group 
O cells were used, but on some occasions 
cells from 50 to 100 untyped bleedings were 
pooled without regard to blood group On 
some occasions stroma was prepared from 
Rh positive and from Rh negative cells, but 
in general large lots of cells were used with- 
out regard to Rh typing Most of the 
leucocyte and platelet layer was removed 
from the centrifuged blood before the cells 
were hemolyzed 

Hemolysis was accomplished by adding 8 
to 10 volumes of distilled water which had 
been chilled to a temperature of 5 = C In 
the initial preparations the solution was then 
fed through a Sharpies supercentrifuge The 
rate of flow depended on the model and 
speed of the centrifuge employed The red 
jell-lihe material collected bv centrifugation 
was sometimes resuspended and sedimented 
again m order to remove more of the re- 
maining hemoglobin 

The material was then kept in solution at 
a pH between 7 and S or dried by 
ly ophy lization In either state it was found 
to retain most of its potency for weeks, when 
stored at 2°C 

Suspensions of the dried material, or frac- 
tions thereof, were made in 10% concentra- 
tion in isotonic saline, or in phosphate buf- 
fer pH 7 7 ionic strength 2 An even sus- 
pension of fine particles was obtained by 

* W e me grateful to the Cutter Laboratories of 
Berkeley, California, and especnlla to Hr Virgil 
Herring, foi the ret] tills and for the first stages 
in their processing 


grinding the suspension in a mortar In later 
purified preparations the material dispersed 
quite readily upon mixing and standing a 
few hours 

2 Methods used in detecting the presence 
and concentration of the Rh antigen in 
erythrocyte stroma and fractions thereof The 
anti-Rh serum used in the inhibition ex- 
periments agglutinates approximately 85% 
of human Rh-positne bloods and has a titer 
of 400 It was used in dilution of 1-20 with 
normal saline 

Serial dilutions were made of the stroma 
suspensions, which were then mixed with equal 
volumes of the constant dilution of the anti- 
Rh serum The stroma serum mixtures were 
incubated lor one hour at 37°C Following 
incubation the tubes were centrifuged to ob- 
tain a relatively clear supernatant fluid One 
drop from each tube was incubated for ]/z 
hour with one drop of a 2% suspension of 
Rh positive cells which had been shown to 
give a strong reaction with the anti- 
serum Final observation for the presence 
or absence of agglutination was made after 
centrifugation and inspection of the ery r - 
throcy tes under low power magnification The 
inhibition titer ot the stroma preparation 
was read as the highest dilution of a 10% 
suspension which inhibited agglutination by 
the constant strength of the anti-Rh serum 

The same technic was used in quantitating 
the A and B substances in stroma prepara- 
tions made from pooled untyped cells, except 
that a constant strength of groups B and A 
sera was used The sera had titers of 3000 
and were used in dilutions of 1-20 

Inhibition of anti-Rh scrum with stroma 
from Rh-positivc and Rh-ncgativc ery- 
throcytes Our first experiments were de- 
signed to demonstrate that the inhibition of 
anti-Rh serum by stroma from Rh-positne 
cells was not due to a nonspecific eftect 
Ty pical results of such observations are re- 
corded in Table I 
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TABLE II 


Scnsitivrh to Destruction of Bh Factor in Stroin'i bj Heat 


Dilutions of 10% stromi 

1 1 

1 2 

14 

1 8 

1 1G 

1 32 

104 

Control (nnhcite<l) 

0 

0 

0 

0 

0 

+ 

+ 

5G°C 15 min 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

100 15 ” 

4* 


4* 

+ 

+ 

+ 
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TABLE III 






Ilcot Destruction of Bit Doctor \\ 

it)t Moisture 

in Absence of Oxjgen 


Dilutions of stronn (10%) 




1 1 

12 

14 18 

1 10 

Conti ol 

no licit 



0 

0 

0 + 

4- 

Tube Xo 1, i.icmnn 

50° C 5 mm 


0 

0 

0 + 

4- 

” Xo 2, nr 

” 5 

y y 


0 

0 

0 + 

4 

” Xo 1, moisture 

” 5 

y y 


+ 

+ 

+ + 

4 


Obset cations on (be stability of the Rlt 
factor m Erythrocyte Stroma 1 Beat stability 
of the Rh factor in stroma One of the char- 
acteristics of an antigen is its thermal stability 
(or instability) The results of such tests 
on the Rh antigen are given in Table II 
Further observations have indicated that 
the antigen is completely inactivated accord- 
ing to our methods of testing by exposure 
to 56°C for 5 minutes 

Stroma preparations containing m addition 
to Rh also the factors inhibiting group A 
and B sera shoved no loss of these properties 
upon heating vhen the Rh antigen had been 
completely inactivated 

2 Effect of the presence of an and moisture 
on the heat stability of the Rh antigen 
Aliquot portions of active stroma were 
lyophylized and sealed in 3 small evacuated 
tubes The first tube was kept evacuated, 
while the contents of the second were ex- 
posed to air To the third tube, the requisite 
amount of saline was added without breaking 
the vacuum The saline had been previously 
boiled to remove dissolved oxygen, and then 
cooled 

All 3 tubes were then exposed to 56 °C 
for 5 minutes The results of serum inhibi- 
tion experiments with samples from these 
tubes are shown in Table III 

The Fractionation of the Stroma Red 
cell stroma suspensions have been prepared 
in a variety of wavs with a corresponding 
variety of results - 1 5 0 It was soon apparent 
4 p om Ier, E , The 51 ' nroiili ,n Fed Cell and the 
Propwt.es of II. emoht.r 5os.te.ns, Be.l.n Bon. 
trnger, 1034 


to us that because of the extreme sensitivity 
of the Rh antigen, chemical methods of frac- 
tionation would not be as satisfactory as 
physical methods, at least in the early stages 
of the separation 

Following the method of Jorpes, G we pre- 
pared the stroma suspensions by adjusting 
the pH of the original solution of hemolyzed 
red cells to 5 S-6 0, at which a heavy, easily 
separated precipitate was formed This was 
washed several times at pH 5 5-6 0 to re- 
move most of the adsorbed hemoglobin When 
it was redissolved at pH 7-8 we found that 
a cloudy solution was produced from which 
no sediment would settle upon standing How- 
ever, when this solution was centrifuged at 
50,000 G a material (elimn) was sedimented, 
leaving a clear supernatant from which a 
heavy precipitate could again be thrown out 
by readjustment of the pH to 5 5 It cor- 
responds to the protein winch Jorpes has 
called stromatin, which name we retain 
Stromatm so prepared exhibits no inhibition 
of the anti-Rh seruin 

The material (elimn) removed from the 
above mentioned cloudy solution by centrifu- 
gation at 50,000 G dissolves easily at pH 
7 5-8 0, producing a milky solution which 
shows very marked streaming double refrac- 
tion Since this material is very different 
from stromatin and can be characterized by 
its physical, chemical and biological proper- 
ties we propose to call it elimn 

The approximate yield of stroma was about 
1-2 g per 250 cc of red cells, of which 35 to 

r, 'legni rtsson, B , J Exp Itcd , 1943 t t , SIT 

o Torpcs, E , Eiochcm J , W2, 20, 14SS 
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40% is elimn and the rest stromatin 

The ability to inhibit the anti-Rh serum 
was found only in the elimn fraction which 
also possesses a concentration of the A and B 
substance 4 to 5 times greater than does 
stromatin 

The crude stroma suspension contains 
about 20 % lipids extractable by 3 1 alco- 
nol ether The elimn contains 40-50% 
lipids extractable by the same solvent The 
nitrogen and phosphorous analyses are as 
follows 

Prep I Prep II 

92 9c 92 c 2 

Stroiintin X 12 I P 0 42 X 12 I P 0 25 

Etmm X 01 P10 X SI P10 

Neither of these preparations can yet be 
said to be pure 

Electrophoresis^ of a 1% solution of 
elimn at 2°C in phosphate buffer pH 7 8 
ionic strength 2, showed a mam component 
(about 80% of the total) having an average 
mobility of 6 X 10'"' cnr 2 volt' 1 sec' 1 
(negatively charged) , and a faster component 
(about 15% of the total) having a mobility 
of about 8 X 10-' The partial specific 
x r alues of elimn at 20° is about 0 83 

The samples of elimn so far prepared have 
exhibited inhibition titers for the anti-Rh 
serum as high as 1 32 On a number of 
occasions we have succeeded m separating 
from the ehnm an ether-soluble material 
which exhibited inhibition titers for the anti- 
Rh serum as high as 1 128 But heretofore 
we have not been able to reproduce this 
extraction consistently The ether-soluble 

\ The electrophoresis was done by Dr C II Li, 
of the Institute for Experimental Biologv of the 
University of California, Berkeley, Caliform i to 
whom we express our thanks 


factor appears to be relatively thermostable, 
t c , it is not inactivated by 60 minutes heat- 
ing at 56°C Part of the original thermo- 
labihty of elinm is returned upon recombining 
the protein from which the ether-soluble 
material had been removed, with the ether- 
soluble fraction 

When elimn is prepared from pooled un- 
typed blood it exhibits relatively high in- 
hibition titers (1 512) for the standard anti-A 
sera and a correspondingly lower inhibition 
titer (1 32) for the standard anti-B sera 
In the ether-soluble fraction from elimn the 
inhibition of anti- 4 serum was reduced (1-16) 
while the inhibition of anti-Rh serum was 
increased 

Summary 1 It has been demonstrated 
that the Rh antigen is quite different m 
character from the A and B substances as 
found in stroma from human erythrocytes 
The Rh factor is particularly sensitive to 
thermal inactivation and is destroyed by a 
few minutes exposure to 56 °C while the A 
and B substances remain intact The in- 
activation by heat m the presence of moisture 
and the absence of oxygen suggests protein 
denaturation as the basis for its destruction 

2 Erythrocyte stroma has been fraction- 
ated into 2 parts, (1) a protein previously 
described and called stromatin, and (2) a 
new lipoprotein wduch we call elimn The 
Rh specificity is associated with the elinm 

3 An ether-soluble fraction has been 
separated from elinm wdnch is characterized 
by a higher content of the Rh factor and a 
low’er content of A and B substances The 
Rh substance present m the ether solution 
which inhibits the anti-Rh serum showed an 
increased thermostability 
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TABLE II 


Scnsitmh to Destruction of Rh Factor in Stroma bj Heat 


Dilutions of 10 % strom i 

1 1 

1 2 

1 4 

18 

1 10 

1 32 

1 64 

Control (untie ited) 

0 

0 

0 

0 

0 

+ 

+ 

5G°C 11 mm 

“f 

+ 

+ 

+ 

+ 

+ 

+ 

100 15 ” 

+ 

+ 

+ 

+ 

+ 

+ 
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TABLE III 






Hr it Destruction of Rh Factor with Moisture 

in Absence of Oxjgen 


Dilutions of strom i (10%) 




1 1 

3 2 14 

18 

1 10 

Conti ol 

no beat 



0 

0 0 

+ 

+ 

Tube Xo 3, i icuum 

r >G‘C 1 mm 


0 

0 0 

4- 

4“ 

” Xo 2, air 

” 5 

t T 


0 

0 0 

4* 

+ 

” Xo 3, moisture 

” r > 

i 1 


+ 

4~ 4~ 

+ 
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Observations on the stability of the Rh 
factor w Erythrocyte Stroma 1 Heat stability 
of the Rh factor in stroma One of the char- 
acteristics of an antigen is its thermal stability 
(or instability) The results of such tests 
on the Rh antigen are given in Table II 
Further observations have indicated that 
the antigen is completely inactivated accord- 
ing to our methods of testing by exposure 
to 56 °C for 5 minutes 
Stroma preparations containing in addition 
to Rh also the factors inhibiting group A 
and B sera showed no loss of these properties 
upon heating when the Rh antigen had been 
completely inactivated 

2 Effect of the presence of air and moisture 
on the heat stability of the Rh antigen 
Aliquot portions of active stroma were 
lyophyhzed and sealed in 3 small evacuated 
tubes The first tube was kept evacuated, 
while the contents of the second were ex- 
posed to air To the third tube, the requisite 
amount of saline was added without breaking 
the vacuum The saline had been previously 
boiled to remove dissolved oxygen and then 
cooled 

All 3 tubes were then exposed to 56° C 
for 5 minutes The results of serum inhibi- 
tion experiments with samples from these 
tubes are shown m Table III 

The Fractionation of the Stroma Red 
cell stroma suspensions have been prepared 
m a variety of wavs with a corresponding 
variety of results 4 fi It was soon apparent 

Tp^iJcr, E Tht~M~imnnlian Red Cell and the 
Properties of Hacmohtu, stems Beihn Bora 
traigor, 1934 


to us that because of the extreme sensitivity 
of the Rh antigen, chemical methods of frac- 
tionation wmuld not be as satisfactory as 
physical methods, at least in the early stages 
of the separation 

Following the method of Jorpes, 0 we pre- 
pared the stroma suspensions by adjusting 
the pH of the original solution of hemolyzed 
red cells to 5 5-6 0, at which a heavy, easily 
separated precipitate was formed This was 
washed several times at pH 5 5-6 0 to re- 
move most of the adsorbed hemoglobin When 
it was redissolved at pH 7-8 we found that 
a cloudy solution was produced from which 
no sediment would settle upon standing How- 
ever, when this solution was centrifuged at 
50,000 G a material (ehnin) was sedimented, 
leaving a clear supernatant from which a 
heavy precipitate could again be thrown out 
by readjustment of the pH to 5 5 It cor- 
responds to the protein which Jorpes has 
called stromatin, which name we retain 
Stromatm so prepared exhibits no inhibition 
of the anti-Rh serum 

The material (ehnin) removed from the 
above mentioned cloudy solution by centrifu- 
gation at 50,000 G dissolves easily at pH 
7 5-8 0, producing a milky solution w'hich 
shows very marked streaming double refrac- 
tion Since this material is very different 
from stromatin and can be characterized by 
its physical, chemical and biological proper- 
ties we propose to call it ehnin 

The approximate yield of stroma was about 
1-2 g per 250 cc of red cells, of which 35 to 

*> Seguidsson, B, ‘t Dxp licit , 1943, t , 315 
B Jorpes, E, Bwchcm T, W2, 20, 14SS 
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Porfil vein Iig ition nid EcL fistula in tlie rat 


solution of cellulose acetate The thread and 
hair are well matted together Heavy ad- 
hesive tape is passed around the body cover- 
ing these areas to prevent the rat from pulling 
the threads prematurely A strip of screen 
wire between layers of tape prevents the re- 
moval of the bandage by the animal Four 
or 5 days later the tape is removed, the 
ligature ends exposed and pulled m such a 
manner that the “surgeon’s” knot is tightly 
closed around the portal vein This maneuver 
constitutes the second stage of portal liga- 
tion Should the animal die within a few 
hours, it is highly probable that the first 
ligature had been too loose to stimulate de- 
velopment of collateral circulation The 
ligature ends may be cut off or by protecting 
them for 4 more days the thread may be 
pulled completely from the body after some 
gentle manipulation This last procedure was 


suggested by the work of Brunschvvig 3 This 
entire operation is practically bloodless The 
rat is subjected to little more trauma than 
that of a laparotomy 

Porto-Caval Anastomosis (Eck fistula) 
Well deserved credit is given Nikolai V Eck 
for developing the first surgical anastomosis 
between the portal venous system and the 
inferior vena cava He, impelled by a de- 
sire to study liver function developed a tech- 
nic which he applied to S dogs Of the 8, 
one did not survive 24 hours, 6 lived 2 to 7 
days and one recovered completely and lived 
in the laboratory for 2 / 2 months when, by 
some negligence it was allowed to escape 
Dr Ecks published report gives no indica- 
tion that he used his dogs m any experimental 
study nor that he proved the efficacy’ of 
the operation but he implies that autopsies 
of those that died showed patent fistulae 
in most cases Apparently military service 
interrupted his work at that point At any 
rate, he believed that he had demonstrated 
that the operation was feasible, and that life 
is possible in an animal m which the liver 
is not the first recipient of the blood from 
the gastro-intestmal tract The method was 
essentially that of securing the 2 veins to 
each other with 2 longitudinal rows of sutures 
and then making an incision between them 
Fish back 4 reviews the literature pertaining 
to the methods and modifications of the Eck 
fistula in his report describing the use of a 
cutting suture in making the anastomosis 
Angle’ described a special instrument suita- 
ble for the dog which clamped the 2 veins 
without occluding either m such a manner 
that the anastomosis could be made with a 
minimum loss of blood Klages 0 made the 
Eck fistula applicable to the rabbit, by’ caus- 
ing adhesions to develop between the 2 veins 
by a first operation and later, by forming a 
window between them through the adherent 


SBrunscIiwig Attainder Stirr/mi 1045 IT 7S1 
4 Fislib-ick F C , Ann Sitrrr 1027 80, 43G 
"> Angle, Lewis VV Jin J ^nrri n s 1033 19, 
347 

c K1 igc% F Arch f Exp Path n Pharm 103S, 
188, 4S9 
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Portal Vein Ligation and the Eck Fistula in the Rat 

Wayne L Whitaker (Introduced by Howard B Lewis ) 
From the Department of Anatomy, University of Michigan, Ann Arbor, Mich 


Limited though it is, the Eck fistula has 
been of real value in the study of liver 
function since its development by N V Eck 1 
Many problems of nutrition, detoxication and 
hepatic inactivation may well be studied by 
the judicious use of animals m which the 
blood from the gastro-intestmal tract is di- 
verted from its normal pathway through the 
liver Unfortunately^ the Eck method of pro- 
ducing a porto-caval anastomosis has so far 
been applicable to only the larger laboratory' 
animals m which even then the surgery has 
not been easy', and mortality is often high 
Furthermore, the inherently proper animal 
for many problems could not be prepared 

In the search for a method for studying 
the hepatic inactivation of steroid hormones 
2 procedures have been adapted or devised 
by either of which the widely used laboratory 
rat mav be prepared to function in a man- 
ner similar to the Eck fistula dog These 
operations require few special instruments 
and may be done with speed and moderate 
mortality The first is a 2-stage ligation of 
the portal vein The second is a porto- 
caval anastomosis comparable to that done 
on the dog The 2 methods as well as the 
“reverse’ Eck fistula are described separately 

Portal Vein Ligation If the portal vein 
is completely ligated at one operation the 
rat dies of circulatory failure within one or 
2 hours, apparently due to the reduced ef- 
fective blood volume incident to the ac- 
cumulation of blood in the abdominal viscera 
If the vein is only partially ligated, however, 
at a first operation the increased pressure 
m the portal system stimulates the develop- 
ment of collateral pathways so that a subse- 
quent complete ligation of the vessel is tol- 
erated The second similar operation is 
hazardous because of the severe hemorrhage 

r^,, Nikola V, T oenno mrrhisinsl n Zhurnal, 
1S77, 1 JO 


resulting from the difficult process of dissect- 
ing away adhesions involving intestines and 
liver DragstedU solved this problem by 
placing a second ligature at the time of the 
first operation and securing the ends of the 
thread on the inner surface of the body wall 
His second operation was done easily by open- 
ing the abdomen, retrieving the anchored ends 
of the ligature and pulling the knot down on 
the vein 

The method here described may be best 
understood by reference to Fig l An ev- 
tensive mid-line incision of the abdominal 
wall is carried to or above the tip of the 
\iphoid process With the viscera retracted 
to the left, the vessels involved are made 
visible, as illustrated A thread is passed by 
curved forceps or the blunt end of a curved 
needle around the portal vein, at a in the 
figure Only moderate care is needed to ex- 
clude the hepatic artery and common bile 
duct \ wire about 2 mm in diameter, gauge 
16 or 18, is laid along the vein and the 
ligature formed by the thread which encloses 
both the vein and the wire is closed firmly 
The wire is then withdrawn The size of 
the effective lumen of the vein is thus ap- 
proximately that of the wire employed This 
partial ligation is apparently sufticient to 
stimulate the development of collateral cir- 
culation A second ligature is placed around 
the vein at the same level and at the same 
operation The knot used is the ‘surgeon’s” 
or friction knot It is left so loose that it 
offers no restriction to blood flow The ends 
of the thread are carried through the lateral 
body walls in approximately the same 
transverse plane as the portal vein The 
abdominal incision is closed by a single series 
of interrupted sutures The extruding ends 
of the ligature are secured to the skin sur- 
face by a liberal application of an acetone 

Dr igstedt, Lister R , Science, 1931, 73, 313 
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3 or 4 per hour Efucient assistance can 
reduce this time considerably Although 
surgery is easier on large adult rats, the 
Ech fistula has been produced on some rats 
weighing 80 g 

Summary Methods have been described 
for producing m the rat (a) a simple ligation 


ot the portal vein and (b) an anastomosis 
betw een the inferior \ ena car a and the portal 
\enous system By the use of the latter 
procedure, either a “direct ! or an “indirect” 
Eck fistula may be produced These tech- 
nics should enhance the value of the laboratory 
rat m liver function studies 


15340 P 

Number of Peyer’s Patches in Mice Belonging to High and Low Mammary 

Tumor Strains 

Margaret A Kelsale * (Introduced by C C Little ) 

From Uic Eoscoc B Jacl son Memorial Laboratory Bar Harbor, Maine , 


Peyer’s patches are aggregates of lymphoid 
follicles m the mucosa of the small intestine 
Their distribution and structure m the mouse 
are essentially similar to descriptions given 
for man with the exception that 1 to 3 
patches are usually present in the duodenum 
of the mouse whereas m man they are found 
only in the lower part of the small intestine 
A marked difference in the number of 
Peyer’s patches m 2 strains of mice suggested 
a study' to determine whether there was any' 
significant difference m the amount of 
lymphoid tissue in the small intestine of mice 
belonging to high and low mammary tumor 
strains One of the many functions assigned 
to the Iyunphocyte is that it has a part in 
tumor growth, the explanation of this func- 
tion ranging from the conclusion that 
lymphoid tissue is a factor in immunity 1 
to the contradiction that it has no part in 
tumor growth 2 

Mice used were of both sexes and varied 
in age from 4 weeks to 1 5 years The ani- 
mals were not fed for 2 days prior to killing 
m order that the small intestine might be 
contracted, thereby making the Peyer’s 
patches more conspicuous The mice were 

* The 'uitlior is i recipient of a Finney Howell 
^Research Fellowship 

1 Murphy, T B , ami Morton, J J,J Erp Med , 
1915, 22, 204 

2 Sittcnfield, M J , J Cancer Ecs , 1920, 105, 
117 


killed by 7 etherization, the small intestine 
and cecum were removed and fixed m a lOJo 
formol solution, for 2 days, after which the 
intestines were washed thoroughly The 
lymphoid nodules comprising the patches 
make the wall of the intestine considerably 
thicker, and as a result these areas protrude 
and are easily' visible macroscopically 
The 5 strains may 7 be divided into a low 
group, having an average of approximately 
6 3 Pey er’s patches, and including only strain 
C57 black, an intermediate group, having 8 
to 9 patches and including strains C, Swiss, 
and dba, and a high group including C3H 
mice, which have a mean of 10 7 Peyer’s 
patches (Table I) The differences between 
strain C57 black and the other strains were 
significant according to the X 2 test for good- 
ness of fit When data from C57 black 
mice were used for the theoretical distribu- 
tion, strains C3H, dba, and Swiss had an 
X 2 above 70, the X 2 for C57 black and C 
was above 38, which gives a probability of 
approximately one in a million and indicates 
that this difference is also significant 
The difference m frequency distribution be- 
tween strain C3H and the intermediate group 
is also significant, the X 2 for differences be- 
tween C3H and dba being over 70 Ad- 
ditional data are necessary 7 to establish sig- 
nificant differences between dba Swiss, 
and C strains The probability of a differ- 
ence between dba and Swiss is only one in 
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area Blakemore and Lord" have recently 
reported the highly successful application of 
the vitalhum tube non-suture technic to the 
production of a porto-caval anastomosis in 
a number of patients ruth severe ascites due 
to portal bed block 

The anastomosis between the portal venous 
system and the inferior vena cava here de- 
scribed is done in 2 stages For the first 
operation, an extensive mid-abdominal in- 
cision is made and the viscera are retracted 
to the left, exposing the venous systems con- 
cerned, as shown m Fig 1 A ligature is 
placed about the portal vein, at a in the 
illustration, formed with a “surgeon’s” knot, 
but not closed The ends of the thread are 
carried through the lateral body walls in 
preparation for tightening a few days later 
In preparation for joining the veins the 
peritoneum is stripped from the vena cava 
in the neighborhood of the right renal vein 
where the vena cava and the superior 
mesenteric veins maj be easily approximated 
One of the smallest curved needles available 
is used to make the anastomosis An artery 
suture with attached taper point needle, size 
6-0 has been satisfactory, though the small 
cutting needle commonly found in eye sutures 
of comparable size offers one advantage It 
makes larger punctures m the veins and 
thus offers more assurance of a successful 
anastomosis The increased hemorrhage can 
be controlled The needle is passed through 
the inferior vena cava, as shown in the 
illustration, and then through the adjacent 
superior mesenteric vein, piercing the lumma 
of both, and the suture is tied firmly The 
suture includes a substantial part of the walls 
of the 2 veins The fistula between the 2 
veins should develop here to a functional size 
within a few davs There is very slight loss 
of blood from the punctured vena cava but 
precautions may well be taken to control 
loss from the mesenteric vein The abdominal 
incision is closed and the ends of the delayed 
portal ligature fixed to the skm and protected 
as described for the portal ligation operation 
Fair or S days later this previously prepared 

""TjlHwmouT^ r " > Aml Sl,,g ’ 

194), 122, 470 


ligature around the portal is tightened If 
an anastomosis was not produced the animal 
will die within a few hours 
The “Reverse” Eck Fistula Only a few 
modifications of the above procedures are 
necessary to produce the so-called “reverse” 
Eck fistula by which blood from the inferior 
vena cava is carried through the liver by way 
of the portal system The anastomosis is 
made m the same manner as above The 
delaved ligature is, however, placed on the 
vena cava above the renal veins ( b m Fig I) 
If it is desired to study the effect of the 
liver on blood-carried products of the kidneys, 
adrenals, or gonads more specifically a 
ligature may be placed, at the time of the 
first operation, on the inferior vena cava 
below the renal veins ( c in Fig 1) This 
ligature is well tolerated and minimizes the 
possibility of the return of blood from the 
above mentioned organs to the heart by gen- 
eral collateral circulation 
The possibility exists that the effectiveness 
of any of the 3 operations described may be 
reduced by the post-operative development of 
venous channels around the ligatures For 
example, an adhesion between the intestine 
and the liver may act as a bridge to carry 
venous blood directly to the liver That this 
is not likely to be a serious hazard is in- 
dicated bv the striking and generally con- 
sistent results already attained in studies of 
2 different liver functions by the method 
In the “reverse” Eck fistula enlarged col- 
lateral pathways around the ligature of the 
vena cava have been found How serious 
this factor may be is not yet apparent Ob- 
viously, a complete evaluation of the pro- 
cedures described here must await their ex- 
tensive use m experimental studies 
This single suture method of making a 
venous anastomosis was first suggested by 
Dr John Lawther In fact, he made the first 
attempt to carry it out 

All manipulations of the animal involved 
in the above operative procedures have been 
carried out under ether anesthesia Non- 
sterile operative technic is apparently satis- 
factory for the healthy rat The time re- 
quired to do these operations is not excessive, 
for one operator working alone can perform 
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A Quantitative Method for the Study of Chromatolysis * 

Berry Campbell and Rosalind Novick 
From the Deportment of Anatomy, Unnerntv of Minnesota 


The chromatolytic changes which follow 
section of the axon and certain other pro- 
cedures consist m a continuous spectrum of 
cell alteration from the normal cell to the 
heavily chromatolyzed and even the ghost 
cell To compare the degree of chromatolysis 
m 2 nuclei or to relate the chromatolytic 
changes with time, it is imperative that the 
spectrum of change be broken up into ar- 
bitrary and well-defined stages of a con- 
venient number in order that standard 
quantitatne procedures may be applied 
Cognizance of this need led Dolley 1 to erect 
a series of 13 categories into which cells af- 
fected by shock and by exercise may be 
grouped His method is not suitable for our 
purpose, however, for it is concerned with 
nuclear changes as much as with the changes 
of the Nissl bodies and was designed for rather 
a different purpose The following method 
has been used in this laboratory with success 
and is recommended as being both simple 
and adequate 

The sequence of cytoplasmic changes 


which constitute the axon reaction is as fol- 
lows The Nissl bodies, normally abundant 
and square-cornered, become rounded, more 
lightly' staining and begin to break down to 
a fine powder m the central areas of the cell 
This fractionation then extends out to the 
periphery leaving the cytoplasm devoid of 
any blue-stammg substance other than the 
finely-powdered material Concomitant with 
the later stages is a shifting of the nucleus 
from its normal central position to the 
periphery of the cell In addition to these 
changes, there are frequently present in cell 
groups m which chromatolysis has been in- 
duced, cells which have acquired more heavily- 
staming properties than the normal celk 
These hyperchromic cells which have been 
noticed by many authors, range from a stage 
which shows the normal cell structure with 
the Nissl bodies more heavily stained to 
pyknotic heavily stained cells in which the 
cell contents are indistinguishable because of 
the depth of the stam The physiological 
significance of this change is still a matter 


TABLE I 
Criteria Defining Cell Tipes 


B 

A. 

N 

1 

Pi knosis 

Hi pcrcliromatism 

X or mil 

Mild chromatolysis 

Shrunken , intense 

Nissl particles larger 

Nissl particles discrete, 

Nissl particles break 

staining 

more lie inly staining 

square cornered 

mg up m center of 

Nucleus md 

than normal 

Moderated intense 

cel! 

cytoplasm obscured 

Fig l,b 

stam 

Normal Nissl pattern 

Fig l,a 


Fig l,c 

in periphery 

Fig l,d 


TABLE I 

(Continued) 

O 

Medium chromatolysis 

3 

Se\cre cliromatolvsis 

Nissl particles uniform 

Xissl particles uniformly 

It powdery through 

pou dcry Nucleus 

out cell Nucleus 

peripheral 

central 

Fig If 

Fig l,e 


* Aided by a grant from tlie Nation'll Founda 
tion for Infantile Paralisis, Inc 

1 DoIIdt B D , J Mat Ties , 1911, 20, 285 


of conjecture From our experience we are 
led to view such hyperchromic cells as bear- 
ing an opposite relation to the normal cell 
as does the chromatolyzed, and have so dealt 
with it in the categorization to be described 
below It should be noted that Dolley 
(loc cit ) follows the new, that the hiper- 
chromic cell is undergoing changes pre- 
liminary to chromatolysis For this pos- 
sibility we can find no evidence m our ob- 
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TABLE I 

Rwrc rad rn.qm.nix Distribution m the Number of Pud’s Pitches m the Small Intestine 

of 0 Inbred Strains of Mice 


No of Pu er ’s p itches 


Stl 1111 

T~ 

*» 

0 

7 

8 

0 

10 

11 

12 

It 

~14 

Tot il 

Me in 

St 

de\ 

St 

ei ror 

C07RIL 

28 

02 

r.s 

04 

20 

is 

3 

0 

1 

0 

0 

249 

0 S 

I 0 

09 

C 

1 

*> 

10 

24 

24 

21 

14 

S 

o 

1 

0 

112 

82 

1 7 

It) 

SttISS 

> 

G 

8 

34 

SO 

20 

21 

11 

S 

0 

0 

138 

83 

1 7 

10 

din 

0 

-> 

0 

OO 

oo 

28 

20 

IS 

4 

i 

1 

13” 

80 

1 0 

13 

C3II 

0 

0 

1 

1 

0 

20 

25 

20 

18 

13 

4 

124 

10 7 

15 

14 


a 100 The means for strains Swiss and C 
were 8 3 and 8 2 respectively, a difference 
that is insignificant, with a probability of 
onh one in 10 

No differences were found between sexes 
within a strain, and the only difference m 
sire observed was that most patches in the 
C3H mice were larger 

A direct correlation exists between the 
amount of intestinal lymphoid tissue, as 
measured bj the number of Pever’s patches, 
and the incidence of spontaneous mammary 
tumors Strain C3H has an incidence of 
mammary tumors in approximately 95 % of 
the breeding females Strain dba which 
follows C3H in the number of Peyer s patches 
with a mean of 8 0, has a tumor incidence 
of approximately 51% m virgin females and 
85% m breeding females 3 Strains C and 
Swiss hax'e fewer Peyer’s patches and a lower 
incidence of mammary tumors In strain 
C57 black, mammary tumors are extremely 
rare 4 

There may be no functional relationship 
between the Peyer’s patches and the mam- 

3 Little, C C, Biol Lab Mouse, 1041, 248, 
Blakiston, Philadelphia 

4 Cloudm m, A M Biol Lab Home, 1941, 10S 
31 ihiston, Philadelphia 


mary gland, however, several facts have been 
established that prove there is a functional 
relationship between the lymphoid tissue of 
the body as a whole and lactation Emmel, 
Weatherford, and Streicher 3 have shown that 
lymphocytes pass in great numbers from the 
blood into the ducts of the mammary gland 
during lactation in the rat In addition, the 
reticulo-endothelium of the lymphoid organs, 
including that in the Peyer’s patches, is a 
source of monocytes, cells considered to be 
the colostrum corpuscles when occurring m 
the milk and containing fat globules 
Quantitative differences m lymphocytes and 
monocytes may contribute to tumor growth, 
but functional differences in the lymphoid 
systems as a whole need to be established be- 
fore any conclusions are warranted 
Summary Line C57 black mice has a mean 
of 6 3 Peyer’s patches , strains C, Swiss, and 
dba, means from 8 to 9, and strain C3H, 
a mean of 10 7 Differences between these 
groups are significant, according to the X~ 
test There is a direct correlation between 
the number of Peyer’s patches and the in- 
cidence of spontaneous mammary tumors m 
these 5 pure lines of mice 

3 Emmel, V E , Weatherford, H L , and 
Streichu, 3 II, Am T Anat , 1920, *18, 1 
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6 Day 1 0 Day 1 2 Day f 



Pig 2 

Pohgon showing the distribution of the differentnl counts 



DAYS 
Pig 3 

Graph showing the relation of the cliromatolytic 
mean index to time 

hyperchromic and the pyknotic cell 

Experiment Five cats were anaesthetized 
with pentobarbital and, with sterile operative 
technic, the first sacral ventral root on the 
right side of each was sectioned near the 
spinal ganglion The animals were allowed 
to survive for 3, 6, 10, 12, and 15 days 
The} were killed with pentobarbital and 


TABLE II 

Diffcruitnl Counts of Motor Neurons 


Lvp 

Drvs 

B 

A 

X 

1 

O 

3 

Mean 

2J2 

3 

0 

0 

23 

77 

0 

0 

77 

223 

0 

0 

7 

18 

30 

25 

0 

93 

224 

10 

0 

i 

7 

■10 

40 

0 

1 37 

223 

12 

0 

i 

2 

47 

45 

5 

151 

220 

13 

0 

3 

s 

39 

39 

11 

147 


perfused with 10% formalin The spinal 
cords were removed, sectioned, stained with 
cresyl violet and differential counts of the 
degenerating cells of each preparation were 
made according to the classification described 
above 

The polygons illustrate the sequence of 
changes which follow’ root section m these 
animals Weighting the columns m Table II 
by multiplying Col B by — 2, A by — 1, 
N by 0, 1 by 1, etc , allows calculation of 
the mean for each animal The relation of 
the mean to time is shown in Fig 3 

Summary and Conclusions The gradual 
and sometimes subtle differences in cell 
groups undergoing chromatolysis for varying 
periods of time may be detected only with 
a quantitative method The index presented 
above serves this purpose and is yet simple 
and practicable 
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Tig 1 

^tcps m Rimming the Lntirc M irrou from a Long Bone of a Living Rabbit 



5 


Two holes drilled m the femur with a R'llh mil drill At oue end of 
the bone a single hole is made (la) At the opposite end 4 holes ire made 
and the central bone spicule is remoitd leaving a larger opening (lb) 
A flexible siher cannula is inserted into the single hole (la) and with a 
si nnge eont lining oil or water, the marrow is expressed through the larger 
opening at (2b) Botli openings are then sealed with bone wax (3a and b) 
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Removal of Bone Marrow in Living Animals 

Bernhard Steinberg and Ruth \ Martin 
From the T oh, In Hospital Institute of Medical llcscarcli, Toledo, Ohm 


Experimental suppression of bone marrow 
activity has been achieved by means of cer- 
tain chemicals such as benzene and by ir- 
radiation No method has been available for 
the removal of the entire marrow The pro- 
cedure to be described allows the complete 
extirpation of the whole marrow from the 
shaft of any of the long bones of a living 
animal 

Method The animal of choice is the rab- 
bit In rabbits along with mice, rats and 
guinea pigs the marrow m the shaft of the 
long bones is tubular with relatively few 
connective tissue bands which binds it to 
the endosteum The rabbit is preferable be- 
cause being the largest of the animals with 
tubular marrow, the operative procedure in- 
volved m the method is technically more ac- 
cessible The animal also lends itself readily 
for hematologic studies 

The animals were anesthetized with pento- 
barbital sodium The hair was removed from 
the extremity xvith a depilatory preparation 
and wrapped with cotton saturated with a 
mild antiseptic The subsequent surgical 
procedures were carried out under aseptic 
precautions to prevent infections of the bone 
cavity In the removal of tibial marrow, 

2 small incisions are made at each end of 
the bone One over the broad anterior sur- 
face of the proximal end of the bone and 
the other over the distal end A cross in- 
cision is made on the broad end to the 
periosteum and the soft tissue is pulled away 
4t the narrower end of the bone tendons 
are retracted In the case of the femur, 
humerus, radius and ulna, a single incision 
from the proximal to the distal ends is 
preferable The muscles are separated along 
the fascial lines and retracted W ith a RalL 
nail drill a single opening is made at the 
narrower end thiough the bone into the mar- 
row cavity (Fig 1 la) In the wider end, 

4 holes are drilled and the bone v'hich is 


outlined is removed leaving a large opening 
(Fig 1 lb) 

A flexible silver cannula is inserted into 
the small opening (Fig 1 2a) The cannula 
must fit the opening tightly A syringe filled 
with sterile mineral oil is attached to the 
cannula The pressure of the oil separates 
the marrow and expresses it out of the bone 
cavity through the larger opening (Fig 1 2b) 
The bone cavity is flushed with warm saline 
Some marrow remains in the epiphysis of 
the bone, partly within soft cancellous tissue 
If the experiment requires the removal of 
the entire marrow, the cancellous tissue is 
first macerated with a fairly rigid metal 
probe w ith a hooked tip The marrow is then 
washed out with warm saline using the silver 
cannula and the syringe There may be 
severe bleeding from the epiphyses The 
bleeding may be controlled by packing both 
ends with thinly rolled gauze saturated with 
bone wax One end of the gauze is left out 
at the opening The packing mav remain 
for 10 to IS minutes or in case of intractable 
bleeding for 24 to 48 hours at which time 
it is removed The openings m the bone 
are sealed with bone wax (Fig 1 3a, b) 

If the tissues are treated with consideration 
and the muscles are not torn or crushed, the 
animal shows no ill effects Mistreatment 
such as crushing or tearing of tissue may re- 
sult m shock and death Undue pressure on 
the inner structures of the epiphyses pre- 
disposes the animal to shock 

Ihe removal of the entire marrow allows 
the study of the mechanism of whole marrow 
regeneration and places of origin The 
method also presents a testing procedure for 
the action of substances on regeneration of 
marrow 

Summary A method is described allowing 
the removal of the entire marrow from any 
of the long bones in a living rabbit 
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TABLE I 

Perosis C msec! In the Feeding of Thiouracil 


Group 

Supplement to normal Tot il No 

control ration clucks started 

No nine 
at o wk 

No with perosis 
at 5 uk 

Atg weight 
at 5 -wh, g 

1 

No supplement 

41 

41 

O 

345 

a 

0 5% tlnouraeil 

34 

31 

30 

251 

3 

0 5% tlnouraeil, + 0 39r 
cliolme, + 10 mg nicotinic 
acid, -f- 40 i biotin + 

100 mg JInSCL per 100 g of 
ration 

10 

10 

10 

229 

4 

0 5% tlnouraeil -f- 2 mg 
riboflavin per 100 g of 
ration 

C 

G 

C 

244 


to prevent an inward curling of the toes was 
added to the thiouracil ration (group 4) 
Again, no improvement was noted either in 
perosis or in the condition of the toes 
In addition to the leg disorder, which caused 
some difficult}' in walking, chickens fed the 
thiouracil ration showed certain other ex- 
ternal s\ mptoms They grew at a somewhat 
slower rate than did the control chickens and 
appeared \erv fat and stock} Feather growth 
was greatly retarded and feathers on the 
breast and lateral tracts which did appear 
were very lac} in structure as described by 
Juhn 14 In the New Hampshire chickens 
little, or none, of the usual black pigment 
appeared in the wing or tail feathers Comb 
grow'th of the males was retarded to such an 
extent that it was extremely difficult to 
distinguish the males from the females, even 
after 6 or 8 weeks A small percentage of 
the chickens receiving the thiouracil had ex- 
cessively scaly feet Efficiency of feed 
utilization was similar to the control group 
Autopsies of a few T representative thiouracil- 
treated birds showed the presence of an ex- 
cessive amount of fat m the abdominal cavity 
and throughout the body generally, including 
the muscle tissues The thyroids were en- 
larged These findings are m acco r d with 
those of Missouri workers 15 10 

Discussion The mechanisms and reac- 
tions involved m the formation of perosis 
are unknown Wiese, ct al reported that 

14 T uhn, M , Endocrinology, 1944, 35, 278 
'■ Mixner, J p , Beineke, E P , and Turner, 
C W , Endocrinology, 1944, 34, 16S 

i' Scliultze, A B , and Turner, C VT , Missouri 
research Bui , 1943, 392 


there was a decrease m the amount of bone 
phosphatase activity m chickens deficient m 
manganese 17 This was not found to be the 
case in a choline deficienc} 4 It is probably 
true that a variety of reactions are invoked 
as evidenced by the number of nutrients neces- 
san to prevent this disorder 

Although no direct evidence is given, the 
work presented m this stud} suggests that a 
lack of th}roxme may also be involved in 
perosis since it is w ell accepted that thiouracil 
depresses the formation of th}roxine (see 
reviews by Juhn 14 and the Missouri 
workers) 1510 If this suggestion is true, 
perosis should be obtained either by thyroidec- 
tomy or by feeding a diet deficient in iodine 
to chickens Perosis apparently has not been 
noted under these conditions 

In this connection, and since a manganese 
deficiency m the chicken results m perosis, 
the observation of Remeke and Turner is in- 
teresting, 18 that manganese may promote the 
formation of thyroxine, in vitro 
The perosis obtained in this study may be 
developed independently of the thyroid gland 
Thiouracil has been reported to have a direct 
effect on certain enzymes such as tyrosinase, 10 
and on the respiration of bone marrow cells,- 0 
m addition to its effect on cytochrome oxidase 
of thyroid tissue 21 

17 TTiese, A C , Benham, G H , Elvehjem, C A , 
■wd Hart, E B , Poultry Set , 1941 20, 255 
is Bemeke, E P , and Turner, G W J Biol 
Chcm , 1945, 161, 613 

10 Pasclikis, K E, Cantarow, A, Hart, W it, 
and Bakoff, A E , Pp.oc Soc Exp Biol axd 
5Ied, 1944, 57, 37 

20 Warren, C 0, Science, 1945, 102, 175 
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Perosis Caused by Feeding High Levels of Thiouracil * 

George M Briggs and Robert J Lieeie (Introduced by Mary Juhn ) 
Prom the Department of Poultry Husbandry, Vnucrsity of Maryland, College Dari , Md 


Perosis, or ‘ slipped tendon,” is a common 
deformity of the leg bones of growing chickens, 
and may be produced by a variety of con- 
ditions usually dietary in origin (see review 
by Ewing) 1 Dietary deficiencies of man- 
ganese, 2 choline,”' 0 biotin, 0 nicotinic acid, 7 
and probably unidentified factors have been 
known to produce this abnormality The con- 
dition has been said to be caused also by 
such factors as excessive minerals in the diet, 8 
confinement, wire floors, or it may be in- 
herited 1 0 

In studies on the effects of thiouracil upon 
feather pigmentation, it was noted that this 
drug, when fed at a relatively high level in 
normal diets, caused the production of 
perosis in young growing chicks Results of 
this and further investigations are presented 
herein 

Experimental Procedure and Results Day- 
»old New Hampshire and Barred Rock X New' 
Hampshire crossbred chicks were used They 
were raised m electrically-heated batteries 
with screen bottoms and given the experi- 

* Scientific pupci No A 12G Contribution 
No 2014 of tlie Mtrjluul Agneultur it E\pcri 
ment Station 

1 Ewing, IV R, Handbook of Poultry Xutrition, 
1943, chip 11, 403 

-iWiIgus, H S, Tr, Xoiris, L C, and Heuser, 
G F , J Xutrit , 1937, 14, 135 
3 J lit os, T H , J Kulnl , 1940, 20, 443 
r Hegsted, D M, Mills, R C, Lhelijem, C A, 
and Hart, E B , / Biol Chcm , 1941, 118, 459 
5 Hogan, A G , Rieliardson, L R , Patrick, H , 
and Kempster, H L , J Nutnt , 1941, 21, 327 
c Jukes, T H , and Bird, F H , Proc Soc Exr 
Bion AM) Med, 1942, 40, 231 
7 Briggs, G M , Jr , Luekey , T D , Tcply, L J , 
Ehclijem, C A, and Hart, E B , J Biol Chan, 
1943, 148, 517 

s Hunter, J E , and Funk, E M, Proc 22nd 
Poultry Sci A ssn , 1930, p 45 

a Serfontcm, P T , and Payne, L F, Poultry 

Set , 1934, 13, 01 


mental ration and water ad libitum The 
experiments were conducted for a period of 
S weeks The thiouracil, which was added 
to a normal control ration (a typical poultry 
starting mash), 10 was fed during the entire 
period 

Ls may be seen from the summary of re- 
sults presented in Table I, the addition of 
0 5% of thiouracil to the normal control ra- 
tion resulted in a very high incidence of 
perosis by the end of the fifth week The 
condition was very similar to that ascribed 
to high levels of minerals in the diet, and 
to other causes, by' the early workers on this 
problem'' 11 12 and was usually noticeable by 
the end of the fourth w-eek The first ex- 
ternal symptom noted was a swelling of the 
tibia-metatarsal joint followed by a shortened 
appearance and bending of the metatarsus 
This was usually accompanied by an outward 
curling of the toes wdnch has been noted 
previously in perosis and distinguished from 
the curled-toe condition of nutritional paraly- 
sis 12 In only about 20% of the chickens 
was there an actual displacement of the tendon 
from its condyle 

One group of 10 chicks (group 3) was 
given, m addition to the thiouracil, a mix- 
ture of nutrients known to be necessary to 
prevent perosis under normal conditions This 
was done m an attempt to counteract the 
effects of thiouracil, if possible The mixture 
included choline, nicotinic acid, biotin, and 
manganese at levels well exceeding ordinary 
requirements No improvement w , as noted 
Because many of the chickens had an out- 
ward curling of the toes, riboflavin, known 

10 Bnggs, G M , and Jull, M A , Maryland Ext 
Bui , 1940, 109 

11 Herner, M 0, and Robinson, A D, Poultry 
Sc i , 1932, 11, 283 

12 Titus, H W , Poultry Sci , 1932, 11, 117 

13 Xoins, L C, Heuser, G F , Wilgus, H S , Jr , 
and Rmgrose, AT, Poultry Sci , 1931, 10, 93 
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TABLE I 


Cross lit lotions 

Betiuiu 18S 

^ortiins AMneli Gut it Lt i^t 
Preupit ite 

One 2 Plus ( + + ) 

or Stronger 

Nature of scrums used 

No of tests 

Reaction 
+ + or more 

React ion 
-f- to J 

Reaction 

0 

Sc ruin 1 

Scrum 2 

A 

B 

•ns 

233 

114 

S<t 

A 

AB 

c>n 

43 

17 

9 

B 

AB 

j7 

20 

12 

10 

A 

A 

14S 

i 

3 

144 

B 

B 

8S 

0 

20 

o9 

AB 

AB 

3 

1 

■> 

0 

Tot ils 

S03 

300 

177 

317 


should be reversed if antigen or antibody is 
actually implicated) 

Methods We have found that a study of 
these phase substances was facilitated by 
bleeding several patients during the first 3 
days of acute rheumatic fever and other 
patients in the 10-20th day of the disease 
and testing all serums so obtained against 
each other The serums fell into 4 groups 
(1) A, (2) B, (3) A and B mixed, (4) nega- 
tive Further serum specimens were then 
classified by testing against one or more A 
serums and against one or more B serums 

Blood serum was preserved with merthiolate 
in a final concentration of approximately 
1-10,000 and stored at 5°C Centrifugation 
prior to use was sometimes necessary to clear 
About 0 1 cc of A serum was mixed by shak- 
ing with 0 1 cc B serum in a chemically clean 
precipitin tube, which had an inner diameter 
of 2 mm, incubated in a water bath at 
41 °C 2 hours, and the readings made with 
the aid of a dualoupe binocular 3 X magni- 
fier The tubes were then placed m the 
refrigerator overnight, allowed to warm to 
room temperature and read again The 
serums should not be allowed to freeze The 
suspended precipitate after overnight re- 
frigeration was sometimes stronger, but more 
anomalous effects appeared than if the read- 
ing was made on a basis of the results after 
2 hours at 41 °C The observed reaction 
was in the form of a suspended precipitate 
which looked much like a positive Kahn test 
The intensity was read as -j — j — f- flakes, 
-1 r large granules, -f- small granules, ± very' 
fine granules, 0 clear Miss Pauli viewed 
some of the readings and found them to cor- 


respond with those reported in 1939 It is 
important that every serum be set up by 
itself as a control because some serums precipi- 
tate spontaneously These were thought to 
contain a mixture of A substance and B 
substance Such serums often contained pre- 
dominantly one or the other As a serum 
became over 2 months old there was an in- 
creasing tendency for it to precipitate by 
itself or for it to lose potency even though 
it did not become self-precipitating 

Practically' all tests were with heterologous 
serums Only' a small series was with 
homologous serums, sufficient to confirm the 
fact that A serum would react with B serum 
from the same patient 

The most difficult aspect was to secure and 
maintain a supply' of serums containing de- 
pendable A and B substances In civilian 
life this is accentuated by the small amounts 
of blood available from children No sooner 
is a serum well established as having a de- 
pendable A or B content which could be used 
to classify other serums than it is exhausted 

Cross Reactions Between Serums Table I 
summarizes the results of 803 tests on 188 
serums from 123 patients Of the 188 
serums, 115 were predominantly A serums, 
59 were B serums, and 14 w'ere mixed Of 
the 123 patients, 51 had rheumatic fever, 40 
atypical pneumonia, 23 nasopharyngitis, and 
9 miscellaneous conditions, including 2 with 
mumps 

This table includes all the serums which 
gave at least one 2 plus reaction Only the 
maximum reaction between 2 serums is re- 
corded in case 2 serums were tested against 
one another more than once 
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It should be stressed that the level of 
thiouracil used m this study is higher than 
that used by most m\ estigations with this 
drug 

Summon’ Perosis, as characterized by an 
enlargement of the tibia-metatarsal joint and 
by a thickening and bending of the metatarsal, 
was obtained in young chicks by the feeding 
of relatively high levels of thiouracil (0 5%) 

-l P ischkis, K h, Cult non, A, and Tillsrm, 
L K Pi oc Soc L\p Biot, v\i> Mid 1*1 n, (SO, 
Ids 


over a period of 5 weeks The disorder was 
not prevented by the addition of manganese, 
choline, nicotinic acid, biotin, or riboflavin 
to the thiouracil-containing ration It is sug- 
gested that thyrovine may m some manner 
aid in the prevention of perosis under normal 
conditions, although no direct proof for this 
postulation is offered 

The author* ir< indebted to Mack tnd Co, Inc, 
Balm n, X T, for the cnstillinc vitamins, and 
to Ltdorlt Labor itoucs, Inc, Xcn Yoik, X Y, 
for the tlnoui icil 
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Serum Precipitation Reaction m Rheumatic Fever and in Other Conditions 

A G WedumI and Bernice G Wedum 
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Coburn and Pauli 1 described a precipitation 
reaction which appeared when the serum of 
a patient in the pre-rheumatic (post- 
streptococcal) state or Phase II was mixed 
with the serum of a patient m the acute 
stage of rheumatic fever or Phase III The 
serum m the post-streptocbccal period was 
considered to contain an “antigen” and the 
serum m the acute stage of rheumatic fever 
to contain an “antibody ” Convalescent 
serum also contained “antigen ” No report 
confirming or failing to confirm this work 
has appeared in print Personal conversation 
has established, however, that these experi- 
ments have been repeated by several workers 
who have seen the precipitation described, 
but who could not ascribe any significance 
to it because of the irregularity of its oc- 
currence 

During 1944-45 through the courtesv and 

‘ Present address Camp Detritk, Fredmck, Md 

l Coburn, A F , md P'uib, Until II , T L'xp 
Med , 193*1, 09, 143 

* Bspeci ill) Lt Col L D Williams, Capt C L 
Hoff, Capt G L Erdmm, Major 0 G Wilson, 
Lt Col W B Adamson, Capt G Blankfoit, 
Major F Foster, Major L K Grams 


interest of the medical officers* m the Army 
Air Force stations at Lowry Field, Buckley 
Field, and Fort Logan, the authors were able 
to study the serums of some 491 men with 
diagnoses as follows 122 rheumatic fever, 
181 nasopharyngitis, tonsihtis, and sinusitis, 
38 atypical pneumonia, and 150 miscellane- 
ous The purpose of this paper is to indicate 
the scope and limitations of the serum pre- 
cipitation reactions as observed and to sug- 
gest a possible relationship to the occasional 
unfavorable response of patients with acute 
rheumatic fever to transfusion with blood or 
plasma 

Terminology Because of the unknown 
nature of the substances involved in the re- 
action, it has seemed desirable to avoid the 
designations “antigen” and “antibody ” Yet 
to facilitate comparison with the report of 
Coburn and Pauli, the term “A substance” 
is used to refer to the “antigen” reactive 
substance present jn the serum prior to the 
onset of acute rheumatism or during con- 
valescence or a remission, and the term “B 
substance” is used to refer to the “antibody” 
reactive substance present during active 
rheumatism (It is hkely that these terms 
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Cro«s Reactions 

Between 1SS 'Mnims AVlucli Give at 1 1 i‘t One 2 Plus f 4 - — ) 
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-f- -t- or more 

Rc iotion 
— to * 

Reaction 

0 

V'rum 1 

Strain 2 

A 

B 

•ns 

235 

114 

§0 

A 

AB 

00 

43 

17 

£» 

B 

AB 

*»7 

Of) 

32 

10 

A 

A 

14S 

1 

3 

144 

B 

B 

ss 

u 

20 

39 

VB 

AB 

X 

1 

■» 

0 

Totals 

S03 

300 

377 

317 


should be reversed if antigen or antibody is 
actually implicated) 

Methods We have found that a study of 
these phase substances was facilitated by 
bleeding several patients during the first 3 
days of acute rheumatic fever and other 
patients in the 10-20th day of the disease 
and testing all serums so obtained against 
each other The serums fell into 4 groups 
(1) A (2) B, (3) A and B mixed (4) nega- 
tive Further serum specimens were then 
classified by testing against one or more A 
serums and against one or more B serums 
Blood serum was preserved with merthiolate 
m a final concentration of approximate!} 
1-10,000 and stored at 5*C Centrifugation 
prior to use was sometimes necessary to clear 
About 01 cc of A serum was mixed bv shak- 
ing with 0 1 cc B serum in a chemically clean 
precipitin tube, which had an inner diameter 
of 2 mm, incubated in a water bath at 
41 C C 2 hours, and the readings made with 
the aid of a dualoupe binocular 3 X magni- 
fier The tubes were then placed in the 
refrigerator overnight, allowed to warm to 
room temperature and read again The 
serums should not be allowed to freeze The 
suspended precipitate after overnight re- 
frigeration was sometimes stronger but more 
anomalous eftects appeared than if the read- 
ing was made on a basis of the results after 
2 hours at 41 *C The observed reaction 
was m the form of a suspended precipitate 
which looked much like a positive Kahn test 
The intensity was read as -f-f-f- flakes, 
~ large granules, — small granules, — very 
fine granules, 0 clear Miss Pauli view ed 
some of the readings and found them to cor- 


respond with those reported in 1939 It is 
important that even- serum be set up bv 
itself as a control because some serums precipi- 
tate spontaneously These were thought to 
contain a mixture of A substance and B 
substance Such serums oiten contained pre- 
dominantly one or the other As a serum 
became over 2 months old there was an in- 
creasing tendency for it to precipitate bv 
itself or for it to lose potency even though 
it did not become self-precipitating 

Practically all tests were with heterologous 
serums Only a small series was with 
homologous serums sufficient to confirm the 
fact that A serum would react with B serum 
from the same patient 

The most difficult aspect was to secure and 
maintain a supply of serums containing de- 
pendable A and B substances In civilian 
life this is accentuated bv the small amounts 
of blood available from chddren Xo sooner 
is a serum well established as having a de- 
pendable A or B content which could be used 
to classify other serums than it is exhausted 

Cross Reactions Between Serums Table I 
summarizes the results of 803 tests on 188 
serums from 123 patients Of the 1SS 
serums, 115 were predominantly A serums, 
59 were B serums, and 14 were mixed Of 
ttie 123 patients, 51 had rheumatic fever 40 
atypical pneumonia 23 nasopharyngitis and 
9 miscellaneous conditions including 2 with 
mumps 

This table includes all the serums which 
gave at least one 2 plus reaction Onlv the 
maximum reaction between 2 serums is re- 
corded in case 2 serums were tested against 
one another more than once 
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IQ 

F ■ 

7-/o 

OURAT? 

11-19 
ON OF 

20-54 

HOSPIT 

55-89 

AtlXAtt 

ES 

BIB 

1© 

NUM 

II 

BER OF 

14 

SERU 

33 

MS 

63 

41 

26 


BOTH A AND B SUBSTANCES MIXED IN SERUM 
A SUBSTANCE IN SERUM 
NEITHER A NOR B SUBSTANCE IN SERUM 

Distiibution of A mil B substinees m 08 pihuits \uth lliounutic te\u in i el ttion to duntion 
bespit ill? Ition 



C 


□ 


Table I shows that m 438 tests of an A 
serum against a B serum there were 2 plus 
reactions m 235 tests and no reactions in 89 

When 


88 tests were made by combining one B 
serum with another, there were 29 weak re- 
actions and 59 negatives This suggests that 
the B serums had only a predominant con- 
tent of this substance but that they did con- 
tain some small amount of A substance also 
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Distribution of A 
hospitalization 


B SUBSTANCE PRESENT IN SERUM 
BOTH A ano B SUBSTANCES MIXED IN SERUM 
A SUBSTANCE IN SERUM 
NEITHER A N0R B SUBSTANCE IN SERUM 

Fig 2 

and B substances m 116 patients with nasopharyngitis in relation to duration of 


Serums from patients with rheumatic fever, 
atypical pneumonia, and nasopharyngitis 
cross-reacted , hence the phenomenon was not 
exclusively connected with an\ specific dis- 
ease 

4 and B Substances in Relation to Duration 


oj Disease Fig 1 presents the results ob- 
tained with 1QS serums from 98 patients with 
rheumatic fever, diagramed to show whether 
the patients were m an A or B phase at the 
time the blood was drawn No patient ap- 
pears in any one category more than once 
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The first day of disease -was considered to 
be the first day of hospitalization This is 
a reasonably accurate assumption for the 
military men concerned because hospitaliza- 
tion usually occurred early 

It can be seen that during the first 3 days 
of hospitalization 7 of 10 patients were in 
the B phase but that after the 10th day 
only IS of 163 sera contained this substance 
predominantly Those which persisted m a 
B phase after the 40th day were principally 
instances of recurrences of rheumatic fever 
or prolonged active rheumatic fever The 
number in the A phase was low at first, in- 
creased until about the 20th day, and then 
declined while those with negative serums 
increased This same general tendency w’as 
also present m 87 serums from 34 patients 
wuth atypical pneumonia and in 156 serums 
from 116 patients with nasopharyngitis, but 
m both instances there were more serums 
which contained neither \ nor B substance 
This is illustrated for nasopharyngitis in 
Fig 2 Serums from patients with rheumatic 
fever contained A or B substances more fre- 
quently than did those from other conditions 
studied by us 

Sequence in the Appearance of B and A 
Substances There was a definite order of 
appearance of B and A as follows (1) acute 
illness-B phase, (2) subsidence of illness- 
mixed B and A, (3) convalescence-A phase, 
(4) recovery-negative phase, (5) recurrence 
of illness-B phase This is illustrated m 
Fig 3 which shows 85 serums from 28 patients 
whose diagnoses w*ere as follows 14 rheu- 
matic fever, 7 nasopharyngitis, 5 atypical 
pneumonia, and 2 nasopharyngitis with later 
rheumatic fever Multiple specimens of 
serum were taken from each patient The 
time intervals varied, but each patient was 
in the B phase when first bled Presence 
of B phase in the 4th, 5th and 6th bleedings 
was found in 2 patients with prolonged ac- 
tive rheumatic fever Evidence of the above 
sequence was also seen m 10 patients whose 
first serum contained mixed A and B, and 
m 32 who were m the A phase when first 
bled In 41 patients initially negative, a 
number w'ent into the A phase without passing 
through an observed B phase 


In all these observations consideration must 
be given to the variable titer of the serums 
and the irregularity of the times at which 
patients were bled, which caused difficulty 
in classification of serums and detection of 
the sequence of phase substances 

The following case histories will illustrate 
the sequence of events 

Hospital d-iy Cist 3 

1 8c irlet fetor 

14 Acute I? F with polyarthritis 

61 O phase subst into m serum 

77 Recurrence of acute R F 

81 Only B substance m serum 

93 Only A substance m serum 

123 O pliasi substance m scrum 

124 Returned to active duty 

Case 26 

1 Atypical pneumonia 

3 X ray L L L atypical pneumonia 

12 Xriy resolved atypical pneumonia 

14 Only A substance m serum 

18 X r-n recurrence atypical pneumonia 

20 Onlv B substance in serum 

26 Xrn resolved atypical pneumonia 

41 Onlv A substance m serum 

77 Returned to active duty 

S4 O phase substance m serum (on 

data ) , no prior history of R F , no 
arthritis or carditis during hospital 
izition 

Case 62 

1 Acute R F with polyarthritis 

4 Only B substance m scrum 

10 Onlv B substance m serum 

36 Onh A subst am l in serum 

06 Onlv A substance m serum 

07 O phase substance in serum 

100 Bent to Arizona as convalescent R F 

Case 1‘23 

1 X isopharv ngitis 

2 Mixed A and B substances in serum 

4 Onlv A substance m serum 

7 Returned to active duty 

4S O phase substance (on duty) 

Phase Substance tn Relation to Transfu- 
sions In patients with rheumatic fever partial 
collapse has been reported after the adminis- 
tration of convalescent serum 2 and recur- 
rence of rheumatic fever after administration 
of serum obtained during the acute phase 
of the disease m the donor 3 Blood plasma 
from normal donors caused an increase in 
rheumatic activity in 7 of 9 patients 4 At 

2 Green, C A, Glazebiooh, A .T, Thompson, S, 
and Hopkins, W A , Proc Soy Soc Med , 1940, 

33, 27,7 

3 Friedman, If , Klein, R , nnd Rosenblum, F , 
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Fig 3 

Sequence of B mil \ substincis in 28 pitients yielding multiple seium specimens it irreguliT time 
intenils during ind ifter Iiospit ilizition 


Low ry Field, 2 patients had an unfavorable 
clinical response to compatible blood trans- 
fusions It may be significant that m each 
case the recipients were definitely in B 
phase and the 5 donors were in an A phase, 
so that when the serums of recipient and 
donor were mixed, a suspended precipitate 
formed Among 64 recipients of transfusions 
at Colorado General Hospital, the B substance 
was present in 16 patients, in such diverse 
conditions as Hodgkins disease, active tuber- 

Jm J Hi's Child , 1938, 30, 1304 

■* Griffith, G C , Leihe, V H , ind Butt, Hugh, 
Modern Concept s of Cardin i oscular Disease, pub 
lished monthly bi the Americin Hcirt Assn 
1943 14 , 7 


culosis with abortion, lung abscess with surgi- 
cal drainage, carcinoma of the stomach, bums, 
abscess posterior to the stomach from per- 
forated peptic ulcer, arteriosclerotic gangrene 
with amputation Among 38 civilian donors 
there was a questionable A phase m only 2 
and no B phase Study of this “phase reac- 
tion” m a large transfusion service might 
\jeld interesting results 

Other Experiments In a few trials, heat- 
ing serums to 55 °C for 30 minutes decreased 
their ability to react Complement had no 
restoratne effect In one serum use of a 
fritted glass filter quantitatively reduced the 
potency of the A substance, but Berkefeld 
filtration did not appreciably' afreet either A 



438 


Serum Precipitation Reaction in Rheumatic Fever 


or B substances in 3 instances No absolute 
correlation was observed between presence or 
absence of A or B substances and the blood 
group of the donors,! blood sedimentation 
rate,! serum antistreptolysin titer,! warm or 
cold agglutinins for red blood cells, sheep 
red cell heterophile antibody titer,! or the 
presence of hemolytic streptococci in the 
throat ! 

Comment A clear serum tended to precipi- 
tate vith a turbid (even after centrifugation 
or filtration) serum but there was no uni- 
form relationship Two clear serums or 2 
turbid serums might react Possibly the 
turbid serum merely furnished a suitable 
colloidal state similar to that when collodion 
particles are used to detect small quantities 
of antibodv 

Whether the reactions observed are true 
immunological phenomena or only aspects of 
serum lability is not clear The similarity 
to the precipitinogen in yellow fever as de- 
scribed by Hughes 5 and Lennette 0 is note- 
worthy There have been reports which sug- 
gest the existence of similar reactive sub- 
stances in typhus 7 post-vaccinal hepatitis, s 
and infectious myxomatosis of rabbits 0 There 
may exist a whole series of closely related 
auto-antigens which vary slightly with each 
disease 

Close examination of a recent paper 10 on 


t These procedures nerc performed b} the A A 
F laboratories at Lovrrj and Bucklej Fields 
o Hughes, T V , J Immunol , 1933, 2 3, 273, 

G Lennette, E XI , and Pcrlowagora, Alma, Am 
J Trap Steel , 1045, 23, IX 

7 Smorodmtzeff, A A , and Fradkma, E V , 
Psoc Soc Exp Bioo ami Med, 1944, 30, 93 

8 Sawj er, W A, Mejcr, K F, Eaton, M D, 
Biutr, J H, Putman, P, ind SclnventUr, F F, 
Am J Byg , 1944, 40, 

9 Kncrs, T M, Ward, S M, and Smadel, J E, 
J Exp Med, 1939, 00, 31 

10 Dole, V P, Watson, E F, Kothbard, S, 


electrophoretic changes in the serum protein 
patterns of patients with scarlet fever and 
rheumatic fever reveals that the maximum 
reduction (value 07) m the albumin- 
globulin ratio in the 3 patients with rheumatic 
fever occurred at the onset of joint pains 
This is the point at which we would be most 
hhelv to find “B substance” m the serum 
Similarly the only patient wuth scarlet fever 
who developed a similar reduction of the 
albumin-globulin ratio was one whose course 
was complicated by purulent sinusitis He 
also would, m our experience, be more likely 
to have “B substance” than those patients 
with uncomplicated scarlet fever The ques- 
tion is then whether the B phase represents 
a serum lability caused by the lowered al- 
bumm-globuhn ratio 

Summary 1 When the serum of a pa- 
tient m the early acute stage of rheumatic 
fever was mixed and incubated with a con- 
valescent serum taken at an appropriate time 
from himself or another rheumatic patient, 
a precipitate formed 2 The “phase sub- 
stances” causing this reaction were present, 
but less frequently, in atypical pneumonia, 
nasopharyngitis, several other diseases, and 
rarely, m apparently normal blood donors 
3 Because cross-reactions occurred between 
serums from patients with different diseases, 
it is difficult to ascribe any etiological sig- 
nificance to the findings 4 This reaction 
may be responsible for the occasional un- 
favorable response to blood or plasma trans- 
fusion of patients with rheumatic fever 
5 It is not clear whether this phenomenon 
is a manifestation of serum lability or of 
the formation of an auto-antigen-antibody 
system 

The authors rush to think Mis Ella Jane Swin 
for her \ oluntarj technical assistance and Dr 
Homer F Swift for lus criticism and comments 

Brum, E, and Winfield, K, J Chn Invest, 
1943, 24, 648 
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The Antagonistic Action of Choline and its Triethyl Analogue * 

Albert S Kestox axd S Bernard Wortis (Introduced by Isidor Greenwald ) 
From the Biochemical Laboratories, Department of Piyclnatry, Act! Tori l nucrsity 


In recent tears, considerable interest has 
been de\ eloped in the interference with 
biological processes through the use of 
analogues of essential metabolites 

Triethyl choline chloride, the ethyl ana- 
logue of choline, is an interesting compound 
lrom this point of view Tnethil choline is 
not capable of replacing choline m biological 
processes m which choline acts as a methyl 
donor, 1 but its lipotropic activity has been 
found to be substantially equal to that of 
choline itself 2 Since the formation of acetyl 
choline presumably would not involve trans- 
methylation directly, the triethyl derivative 
might possibly be handled similarly to choline 
m the systems involving its acetylation The 
acetyl derivative of triethyl choline, however, 
does not have any oi the stimulating actions 
of acetyl choline A competition w ith choline 
m these systems should therefore lead to 
diminished formation of active acetyl deriva- 
tives 

Triethyl choline chloride, when injected 
into animals in sufficient amounts, is acutely 
toxic * The symptoms demonstrated include 
apparent muscular weakness, apparent exo- 
phthalmos, and convulsions, followed by death 
within a few minutes On the assumption 
that this acute toxicity is due to competition 
with cholme in an essential biological sys- 
tem, cholme was administered to see whether 
it would protect animals against its triethyl 
analogue 

Forty'-four mice, ranging m weight from 
16 to 23 g, were divided into 2 groups con- 
taining animals of corresponding weights 

\ ul l d bj > gr mt from the John and Marj 
SPirkle Foundation 

1 Mover 'rad du Vigneaud, J Biol Cluni, 1942, 
143, 373 

2 Ui union, PHtt, uid Smith, Biochcm J , 1937, 
31, 173b 

•* Hunt md T n cui, T Pharm and Exp Tlicrap , 
1909 10, 1, 303 


The mice of one group were injected m the 
hind leg with triethyl cholme chloride, pre- 
pared according to the directions of Chan- 
non and Smith 1 Six out of 9 mice given 
1 25 mg died Twelve out of 13 mice given 
1 75 mg died 

The mice of the other group were treated 
with the same amounts of triethyl cholme 
chloride and an equal weight of choline 
chloride Out of 9 mice given 1 25 mg 
triethyl choline chloride together with 1 25 
mg cholme chloride all survived Out of 13 
mice given 1 75 mg triethyl choline chloride 
together with 1 75 mg choline chloride, 12 
survived 

In order to investigate further the mechan- 
ism of the toxicity of the compound, the 
contraction of isolated frog muscles (gas- 
trocnemius and rectus abdommus) was 
studied m the presence and absence of the 
triethyl derivative The muscle was sus- 
pended from a muscle lever m the usual way 
in frog Ringers solution and the contractions 
recorded with a kymograph When triethyl 
choline was placed m the solution bathing 
the muscle it very substantially blocked the 
response of the muscle to cholme, while it 
did not appreciably block the response to 
acetyl choline On washing the muscle, the 
response to cholme was very largely restored 
When muscles were contracted with choline, 
addition of the triethyl derivative to the fluid 
containing the cholme, resulted in a rapid 
relaxation of the muscles Xo such effect was 
observed when acetyl cholme was employed 
Table I is a summary of a typical experiment 

These findings are consistent with the as- 
sumption that the compound interferes with 
acetyl cholme formation if choline does not 
act directly on nerve-muscle preparations but 
acts by forming or making available acetyl 
cholme Aside from the fact that choline 

4 Climnon md ^mith Biachem J , 1936, 30, 115 



440 


Trypsin Inhibitor from Soya Bean Flour 


TABLE T 


Mtisrle IT og g istioenunius 
Luer nm I 12 


Time 

Snbst met ldded 

Concentntion 
mg per ml 

Contraction 
in mm 

1 24 

Tcetxl i bolnie ibloruk 

oon 

28 

28 

w tsli 1 turns 



SO 

Tcetil cbolmi (tilomli 

0 015 

2S 

34 

wtsIi 3 times 



4 r i 

choline chlnnde 

1 3 

20 

">0 

w isb 3 turn s 



1 00 

truths I choline chloride 

1 3 

0 

IS 

choline chloride 

1 3 

3 

20 

msli 1 times 



21 

cliohno chloride 

1 3 

10 

31 

w ish 1 times 



IS 

icolsl eliolino chloride 

o on 

29 

1 01 

wash 1 tunes 



20 

sent si choline chloride 

oon 

27 

24 

nosh 1 times 



20 

triothsl (holme (blonde 

1 3 

0 

40 

ip<hl chohnc (hlonde 

oon 

20 


is a presumable precursor of acetyl choline, 
choline may act to liberate acetyl choline 
by cationic exchange adsorption, as suggested 
for the mode of action of choline derivatives 
by Renshaw, Ziff and Green 5 

5 Polish iw, /iff, and Green, 7 Phitrm mid I r/) 
Thcrap, 1018 02, 410 


•\n interesting aspect of trtethvl choline 
chloride is that it represents a compound 
which can replace a metabolite m one process 
but is antagonistic to it in another physi- 
ological function 

'llic authors no indebted to Miss Edith Ludmer 
for Iior issistime in these expenments 
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Henry J Tagnon and Jean P Soulier (Introduced b\ F H L Taylor ) 
rrom the Thonuhlt Memorial labinntani Minton City Hospital, and the Drpaitmcnt of 
Mediant, Hart aril Medical School Boston 


We have observed that the trypsin in- 
hibitor from unheated soya bean flour 12 has 
marked anticoagulant activity on human 
■whole blood, recalcified plasma and recalci- 
fied plasma to which an excess of throm- 
boplastin is added (Table I) However, the 
soya bean inhibitor has no antithrombic ac- 
tivity We have also observed that this ma- 
terial inhibits the proteolytic enzyme of blood 
plasma, 3 which may' play a role m the co- 

"TlPun, w”T7^® a, ti.dt, E M , ind Mass. 1.1, 
r E .7 Biol Chew, 1943, iGl, Gl > 

2 Klimt?, M, 7 Gen Physiol , 1940, 20, 14<l 

3 T ignon, II J, Diudson, C S, ind Tnloi 
p II L, 7 Chn Invest , 1*142, 21, ;2> 


agulation of blood This is true whether 
the plasma enzyme has been activated bv 
chloroform treatment or by the addition of 
streptolysin * ’ 

\ crude preparation of inhibitor was ob- 
tained by the method of Ham ct al 1 An 
excess of potassium oxalate was added to 
the acetone free material in order to precipi- 
tate the calcium The solution was dialyzed 
48 hours against running tap water It was 
rendered isotonic bv addition of IxaCl and 

i Uiratinsen, LB , J Bacteriology, 1944 47 , 
471 

-, Kiplm, M II, Pttoc Soc Exp Biol »»j> 
XIro 1944 57 40 
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T.U3LE I 



Antieo igul nit 

Aetmti of Tripsin Xnhilntoi 

from Soi a Bean 

Flour 





Reagents 





Cnstal 








line 

W hole 

Cttr ited 

CaCl, 





inhibitor 

blood 

pl ism i 

(0 25%) 

Fibnnogin 

Thronibnpl istm Thrombin 

Clottu g 

(mg) 

(cc) 

(<-0 

(ec) 

(ic) 

(cc) 

HO 

time 

’0 

*) 






S min 

02 

O 






IS 

fO 


0 1 

015 




(1 ” 

10 3 


0 1 

015 




21 ” 

0 


0 1 

015 


0 1 


13 see 

01 


0 1 

015 


0 1 


20 ” 

10 




0 1 


0 1 

10 75 

10 5 




0 1 


0 1 

10 ” 


* 0 2 cc of s time added 

1 Tot'll \ olunip nf 1 u in fist tube, lw addition of mml i7oli buffi r it pH 7 4 


brought to pH 7 4 by XaOH X/10 The 
results obtained ruth the crude material were 
confirmed with a purified preparation 4 times 
recry stallized, 2 secured through the courtesy 
of Dr Moses Kunitz 

All experiments were conducted at pH 7 2- 
7 4 on human blood, citrated plasma and 
fibrinogen, in imidazole buffer, at 37 °C The 
streptolysin was a dry powder, dissolved m 
saline* - ’ Control experiments showed that 
the anticlottmg and antiproteolvtic activity 

* Supplied In tin Commission on Acute Respira 
ton Diseases, through the eourtisa of it H 
Kaplan 


were not due to the small amount of salt 
present in the crystalline preparation and 
that the addition of an excess of calcium 
did not modify the anticlottmg activity 
Autoclaving of the crude material at 120°C 
for 20 minutes completely abolished the anti- 
coagulant activity and almost completely the 
antiproteoly tic actn lty 

These facts represent a new instance of 
the inhibition of the clotting of blood by r 
tr.vpsm inhibitors c 7 

* Grob D T Grit Pht/Mol 1943 , 26 423 

• 1 1 rgusiiii, 1 H Proc Soc Exp Biol and 
Mid, 1942, >1 373 
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Protective Effect of Glutathione and Cysteine Against Alloxan Diabetes 

m the Rat * 

Arnold Lazarow (Introduced b\ X L Hoerr ) 

Prom the Depaitmcnt of Anatomy, Western Pc\crie Vmicisihf School of Medicine, 

Clcicland , Ohio 


Although Wiener 1 reported that alloxan 
produces fatal convulsions m rabbits the 
mechanism of death was not understood until 
Jacobs- demonstrated that injections of al- 

* Presented, in part, it i sictioml meeting of 
the Pfoc ‘-or Exp Biol \\n Med Cleveland, 
Ohio April 13, 1945 

i W loner, H, Arch f exp Path ti Pharm , 
1S00 40, 375 


loxan into rabbits resulted m fatal hypo- 
glycemia It only became apparent that al- 
loxan could produce experimental diabetes 
when Dunn Sheehan and McLetchie® re- 
ported that alloxan produces necrosis of the 

- T it olis, H R , Pfoc Soc Exp Biol vvd Med , 
1937 37 404 

" Dunn I “3 Sheehan, H L , and MiLetehii, 
X G B Lancrt, 1943, 1, 4S4 
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T XBLE t 


Muscle Fiog g tstrocncmius 

Lei cr arm 1 12 

Time Subst mce tdded 

Concentration 
mg per ml 

Contr'Khon 
m mm 

1 24 

acets 1 i holme chloride 

0 013 

28 

23 

wash 3 times 



30 

acetal choline chlondt 

0 013 

2S 

34 

wash 3 times 



43 

cliolinc chloride 

1 3 

26 

30 

w isli 3 times 



2 no 

tnetlnl choline chloride 

1 3 

0 

13 

choline chloride 

1 3 

3 

20 

wash 3 times 



23 

choline chloride 

1 3 

19 

31 

wash 3 times 



33 

ncot'vl cliohne chloride 

0 013 

29 

3 01 

w lbh 3 times 



20 

icetcl choline chloride 

0 013 

27 

24 

wash 3 times 



20 

trie tin 1 choline chloride 

1 3 

0 

40 

icets 1 choline i hlorule 

0 013 

29 


is a presumable precursor of acetyl choline, 
choline maj act to liberate acetyl choline 
by cationic exchange adsorption, as suggested 
for the mode of action of choline derivatives 
by Renshaw, Ziff and Green 

' Rcnshiu, Ziff, nut Green, J Pharm and I xp 
Thcrnp , 1938 02, 4.10 


An interesting aspect of triethvl choline 
chloride is that it represents a compound 
which can replace a metabolite in one process 
but is antagonistic to it in another physi- 
ological function 

Tlic authors ho null Med to Miss Edith Ludmer 
for hci issistuue m these experiments 
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From the Thormhl e Memorial lahoiatm v Boston ( iti / Hospital anil the Tlrpai tmenl of 
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We have observed that the trypsin in- 
hibitor from unheated soya bean flour 1 2 has 
marked anticoagulant activity on human 
whole blood, recalcified plasma and recalci- 
fied plasma to which an excess of throm- 
boplastin is added (Table I) However, the 
sox a bean inhibitor has no antithrombic ac- 
tivity We have also observed that this ma- 
terial inhibits the proteolx tic enzyme of blood 
plasma, 3 which mav play a role m the co- 


R M MHSSchl 
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agulation of blood This is true whether 
the plasma enzyme has been activated bv 
chloroform treatment or by the addition of 
streptolysin 4 ' 

A crude preparation of inhibitor was ob- 
tained by the method of Ham et al 1 An 
excess of potassium oxalate xvas added to 
the acetone free material m order to precipi- 
tate the calcium The solution was dialxzed 
48 hours against running tap water It was 
rendered isotonic bv addition of NaC l and 

Tciimtc nsen E W 1944 47 > 

Knplm, Xt H, Proc aoc Exp Bior ixo 
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TABLE I 


Protection Against Allovui Dnbctes Protect i\ t Agent Gncn Intrai enousL 12 Minutes 
Before Alloxan Alloxan 40 mg/kg Intravenously, Gi\cn Ironicdnteh After Protective Agent 


Protective 

Agent Dose m mM/kg 

No rats 

c /c diabetic 

A\g 48 hour blood sugar 

r ■ 1 

Diabetic Non diabetic 

None 



19 

95 

397 

— 

CTSteme 

7 *) 

13 

0 

— 

130 

n 

50 

2 
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— 

108 

f > 

25 

o 

0 

— 

103 

j j 

10 

8 

12 

31S 

142 

7 > 

0 5 

0 

0G 

301 

13S 

» J 

0 33 

o 

100 

29G 

— 

Glutathione 

20 

3 

0 

— 

108 

J > 

1 0 

3 

GO 

345 

122 

Tlnoglvcolic acid 

7 5 

4 

0 

— 

135 

Alanine 

To 

4 

100 

3G8 

— 

NiCl 

7 3 

4 

100 

477 

— 

Phosphate buff 
pH 7 4 

2 5 

5 

100 

4G7 



Ascorbic acid 

40 7 3 

4 

100 

610 
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effect of cysteine was due to the ammo acid 
or the SH group 

4 Ascorbic acid neutralized to pH 7 4 in 
doses of 4 0-7 5 mMAg, m order to test the 
specificity of the SH reducing groups, as 
ascorbic acid is also a reducing agent 

5 Thiogly colic acid, another sulfhydnl 
compound, was also used 

The rats (Sprague-Dawley) were allowed 
excess food and water throughout the ex- 
periment Blood sugars were determined by 
the Fohn-Malmros micro method 12 on blood 
obtained by cutting the tip of the tail Serial 
sugars were determined at 0, 3, 8, 24, 48 
and, occasionally, at 72 hours The rats 
were usually killed at 48 hours although a 
few w T ere killed at 72 hours 

Data Following the injection of alloxan 
3 phases of the blood sugar response are 
noted — an initial hyperglycemia, followed by 
a period of hypoglycemia, and finally, a late 
stage of permanent hyperglycemia or dia- 
betes As has been previously' reported 11 
animals injected intravenously' with 40 mg/kg 
of alloxan usually' reached their permanent 
hyperglycemic phase by 48 hours Although, 
very occasionally', a late hypoglycemia oc- 
curred at 48 hours, these animals were also 
considered diabetic, for histologically the 
beta cells showed extensive necrosis Am- 

12 Folm O and Malmros, H, 7 Biol Chcm , 
men, st ns 


mals were considered normal when the blood 
sugars at 48 hours were normal and all of 
the serial blood sugars were within the range 
of 90-160 mg % In rats which were par- 
tially protected from the action of alloxan 
by inadequate doses of cysteine, slight initial 
hyperglycemic and hypoglycemic reactions 
were noted The 48-hour sugars were nor- 
mal or only slightly elevated but at 72 hours 
the sugars did not exceed 250 mg % These 
animals were classed as mild diabetics The 
tables list the average 48-hour blood sugars 
for the diabetic and normal animals and the 
72-hour blood sugars for the mild diabetic 
animals The biochemical findings presented 
m this paper correlate well with the cytologi- 
cal findings in the pancreas, which are re- 
ported in another paper 13 

Reference to Table I shows that the intra- 
venous injection of cy’Steme in doses of 2 
mAIAg or greater, immediately before the 
administration of 40 mg of alloxan (equiva- 
lent to 25 mMAg of alloxan) completely 
protected these animals against experimental 
diabetes Cvsteme dosages of 1 mMAg 
protected most of the animals whereas with 
smaller doses nearly all the animals dex eloped 
diabetes When glutathione was used, com- 
plete protection was obtained when the in- 
travenous dose was 2 mMAg, but when 
glutathione was gixen in doses of 1 mMAg 

1 1 P ilav , *5 L a ih] La 7 a row V , in press 194G 
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beta cells of the islets of Langerhans Many 
workers have since confirmed these observa- 
tions 

The mechanism of alloxan action is not 
understood Since alloxan combines with 
sulfhydryl groups of protein-* and since many 
enzymes^ require sulfhydryl groups for their 
activity , ’ ® ‘ it seemed possible that necrosis 
might result from enzyme inactivation b\ 
alloxan Thus, it is noted that alloxan in- 
hibits the activity of succinic dehydrogenase' 1 
as well as the proteolytic enzymes, papain 
and cathepsm G Active sulfhydryl groups are 
also necessary for p\ ruvate oxidation and 
condensation, malate and ketogluterate oxida- 
tion, d-amino acid and 1-glutamic acid oxida- 
tion, and various fatty acid oxidations 4 * * 7 8 9 
Because many of the enzymes inactivated 
by alloxan can be reactivated, m part at 
least, by adding glutathione,' 1 7 a naturally 
occurring sulfhydryl compound, it was de- 
cided to test the effect of glutathione on the 
course of alloxan diabetes Cysteine was used 
for part of the study because it is much 
cheaper than glutathione and because the 
sulfhydryl group of glutathione is contained 
m the C3 steme component of the molecule 
In a preliminary note* I reported that 
the injection of alloxan (200 mg/kg) mtra- 
peritoneally into rats immediately following 
an intravenous dose of neutralized cysteine 
or glutathione (7 5 mM/kg) did not cause 
diabetes The injection of alanine, glycine, 
phosphate buffer, ascorbic acid, or succinic 
acid m place of the cysteine or glutathione 
did not protect the animals against alloxan 
Leech and Bailey” reported that the injec- 
tion of 300-400 mg/kg of glutathione simulta- 
neouslj r with alloxan did not protect rabbits 

4 Liebcn, F, met Edit, L, Btoehem 7, , 1033 
259, 8 

1 Hopkins, T G , XIorgm, E S , and Lutw d, 
Minn, C , Bioehem J , 1038, 32, 1820 

OPurr, A, Bioihcm T , 1031, 29, 13 
" Bmon, E S G and Singer, TP ,7 Bio! 
Client , 1015, 157, 221 Singer, T P , anil B n ion, 

E S G , T Biol Chan , 1043, 157, 241 

8 L izirow, A, Ann! Dec , 1943, 91, 24 

9 Leech, R S, mdBuiei,C C, / Bio) (hem, 

1943, 157, 323 


from diabetes, and Wemglass ct al 10 reported 
that giving 300 mg/kg of alloxan subcu- 
taneously simultaneously with 500 mg/kg of 
cvsteine-HCl did not afford protection to 
rats However, it is to be noted that the 
doses of cysteine and glutathione which I 
used were much greater than those used by 
other investigators, for 7 5 mM/kg is equiva- 
lent to 912 mg/kg of cysteine and 2,500 
mg/kg of glutathione 

Methods In the preliminary studies 
alloxan was injected intrapentoneally The 
mtrapentoneal injection of alloxan into rats 
in doses of 200 mg/kg was not found to be 
reliable, for, although this dose usually pro- 
duced diabetes m about 80% of the rats, 
occasionallv an entire group of animals failed 
to respond In contrast, intravenous injec- 
tions of alloxan m doses of 40 mg/kg pro- 
duced diabetes in 95% of the animals 11 
Therefore, this dose and route of administra- 
tion were used m the present studies 
To facilitate the intravenous injection, 
vasodilation was induced by placing the rats 
in a 56°C oven for several minutes A 2% 
solution of alloxan monohydrate was injected 
into the tail vein and blood was always 
drawn into the syringe before the miection 
was started Solutions of cysteine hydro- 
chloride or glutathione were carefully neu- 
tralized to pH 7 4 with NaOH and diluted 
so that each cc contained 0 2 to 0 75 mM 
Usually one cc of solution was injected per 
100 g of body weight The cysteine was 
given either before or after the alloxan and 
different veins were used for each injection 
4s controls the following compounds were 
used and were injected in place of cysteine 
or glutathione 

1 NaCl (7 5 mM/kg), because NaCl is 
formed in the neutralization of cysteme-HCl 

2 Phosphate buffer, pH 7 4 (2 5 mMAg), 
to rule out the effect of pH Doses larger 
than 2 5 mM/kg caused a convulsive death, 
apparently due to hjpocalcemic tetany 

3 Alanine, to test whether the protective 

wWungliss A R , Frmie, E G , md W lllnms, 

R H Proc Soc Exp Bioc ax'D Med , 1945, 58, 

236 

Jl Lwirow, A, md Pain, S L , m press, 1946 
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enz\ mes inactivated by alloxan 

Alloxan can react directly with cysteine 
to form dialuric acid 10 n xx hich is probably 
not diabetogenic 17 Brockman and Werth- 
eimer' 8 reported that a "super-saturated’ solu- 
tion of dialuric acid injected intravenously 
into rats did produce diabetes, but, since 
dialuric acid is rapidly converted to alloxan 
on standing in air, 1 ' their results might be 
due to alloxan contamination 

Ascorbic acid is also reported as capable 
of reducing alloxan to dialuric acid 19 If 
the mechanism of sulfhydryl protection were 
simply reduction of alloxan to a nondia- 
betogenic compound dialuric acid one would 
also expect ascorbic acid to protect against 
alloxan diabetes Ascorbic acid does not pro- 
tect against alloxan diabetes, but rather ap- 
pears to intensify the severity of the diabetes 
for the 48-hour blood sugars are considerably 
higher m the animals given ascorbic acid plus 
alloxan than are those of the rats given 
alloxan alone (610 mg per 100 cc compared 
with 397 mg per 100 cc) However inter- 
actions of ascorbic acid and alloxan within 
the body may' not occur as readily' as they 
do in vitro Since alloxan exerts its dia- 
betogenic effect within the first few minutes 
of injection, 0 - 0 the relative rates of inter- 
reaction of alloxan with cysteine or with 
ascorbic acid might influence their protective 
abilities 

If the administered sulfhydryd groups were 
able to reactivate the enzy'mes inactivated 
by' alloxan then giving the sulfhy'dryl com- 
pound after the administration of alloxan 
also should protect against diabetes Leech 
and Bailey' 0 have shown that alloxan dis- 
appears from the blood w'lthm 2 minutes 
following its intravenous injection Gomori 
and Goldner 20 found that when the vessels 

11 L'itjes R, 'uul Frasliurger H, Aicli / exp 
Frith n Phnrm , 1030, 110, lit, 

1 Goldner, M 01, mil Gjmon G, Lmlncruwlu 
on, 1044, 35, 241 

I s Brvu km ni, G, mil AVirtliumir II Xnt/ire, 
1041, ITS 2G7 

10 Kuben, T A , mil Tipson, R S Sci nice, 1^43, 
lOl, 536 

Gomon G , mil Goldntr M G , Proi ^ot 
T.\p Bioi \\i> Mid 104 j, ">8 232 


to the pancreas were clamped before and for 
5 minutes after the injection of alloxan then 
the beta cells in the clamped portion of the 
pancreas did not undergo necrosis This fact 
indicates that the alloxan had disappeared 
from the blood during the period of clamping 
Howexer, in the present experiments the ad- 
ministration of cysteine one minute after al- 
loxan produced only partial protection, 
whereas, when it was gnen after 3 minutes 
following the alloxan, no significant protec- 
tion resulted Therefore, if alloxan does in- 
activate the SH groups of enzymes, the ad- 
ministered glutathione or cysteine did not 
reactivate them after 3 minutes had elapsed 
In this connection it is interesting that suc- 
cinic dehydrogenase w’hich has been mac- 
tixated by alloxan can be only partially' re- 
activated by glutathione 3 The action of 
glutathione and cysteine, therefore, may con- 
sist of a protection of the sulfhydryl groups 
of the islet cells from inactivation as a con- 
sequence of the administration of large 
amounts of exogenous sulfhydryl compounds 
Although this protection mav simply be due 
to direct inactivation of alloxan by the ad- 
ministered SH groups, a more complex mech- 
anism may also be involved 

The mechanism by' which alloxan produces 
selective degeneration of the beta cells is not 
understood Although other cells (kidney, 
liver, and occasionally', adrenal) may, at 
times, show' degeneration following alloxan 
administration, the beta cells of the islets are 
by far the most sensitive to alloxan Since 
the beta cells ate highly specialized cells, for 
their main function apparently' consists of 
the symthesis and secretion of insulin their 
enzyme systems are probably' also highly- 
specialized In contrast the liver and kidney' 
cells which do manv things may have a num- 
ber of alternate enzyane pathways If the 
enzxme systems of the highly specialized 
beta cells require active sulfhydryl groups, 
whereas the less specialized cells of the body' 
possessed alternate nonsulfhydrvl pathways, 
the apparent selectmty of alloxan for the 
beta cells might be explained Howexer, 
this hypothesis could not easily explain the 
occasional occurrence of necrosis m the kid- 
ney' or lix’er after the administration of 
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TABLE II 

Protection Agnnst AIlo\ in Diilntes Cysteine 7 o mM/kg Gncn Inti ixtnouslx Eithu Before 01 After 

Allo\ m 40 mg/kg I V 


Blood sug-us 


feubst nice 
g \cn first 

Time niU n tl 
mm 

Xo 

1111111 its 

% di ibetic 

Sex ere Mild 

48 hr 
stxert 
di ibttic 

48 In 
mild 
di Untie 

72 lu 
mild 
di Untie 

48 hr 
non 

dnbetic 

Cistimc 

1 2 

13 

0 

0 

— 

— 

— 

130 

AIlo\nn 

n 

3 

80 

0 

471 

— 

— 

91 

t > 

<> 

U 

83 
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303 

— 

— 

112 

y > 

3 

3 

m; 

33 

434 

173 

300 

— 

> t 
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10 

10 

GO 

30(1 

133 

214 

140 

only some 

of the animals were 

protected 


Discussion 

At pH 7 4 

m vitro alloxan is 


Thiogh colic acid m doses of 7 5 mM/kg was rapid]} converted to a non-diabetogemc com- 

the onl\ other agent tested which had any pound, alloxamc acid 14 The fact that large 

protective effect Alanine, sodium chloride, doses of phosphate buffer (pH 7 4) injected 

phosphate buffer or ascorbic acid did not intravenously just prior to the injection of 

modify the course of alloxan diabetes alloxan did not protect animals against dia- 

Reference to Table II shows that when the betes indicated that the cysteine effect is 


alloxan w as gi\ en prior to the sulfhydryl com- 
pound some protection against diabetes re- 
sulted if the time interval between the al- 
loxan and the cjsteine injections was small 
If the interval was one minute, onlv one 
of 10 animals developed severe diabetes and 
5 showed mild diabetes Cytologically, 
however, all of these animals showed some 
evidence of pancreatic damage, although in 
9 out of the 10 rats this consisted only of 
degranulation or necrosis of some of the beta 
cells in the islets Hoxvexer, if the time in- 
terval between alloxan and c>steine was 3 
minutes or longer, there was no significant 
protection against diabetes 

All of the cysteine-protected animals in 
this group were killed at the end of 48 or 
72 hours for histological examination so that 
follow-up studies were not made However, 
some of the rats reported in the preliminary 
note 1 ' were follow’ed for several months These 
had received 7 5 mM/kg of cysteine intra- 
venously immediately preceding 200 mg/kg 
of alloxan mtraperitoneally None ever did 
develop diabetes f 


not due to an} contained buffer The fact 
that alanine did not protect against alloxan 
diabetes, whereas c}steine did, indicates that 
the protection is not due to a direct inter- 
action between alloxan and amino acids — 
a reaction which is known to occur in the 
test tube n Since thioglycolic acid also pro- 
tected against diabetes, the SH group ap- 
pears to be responsible for the protective 
action of cysteine and glutathione 

Since the liver controls the addition of 
sugar to the blood, it was possible that nor- 
mal blood sugars could have occurred m the 
presence of extensive necrosis of the islets, 
if the livers w r ere also extensively damaged 
However this was not the case for histological 
examination of the pancreas showed that the 
beta cells were normal when adequate doses 
of sulfhydryl compounds were given before 
alloxan 1 

In explaining the protective effect of 
sulfh} dryl groups one should consider the 
following possibilities 

1 Direct inactivation of alloxan bx the 
SH group of glutathione or cysteine 

2 Protection of the sulfhydryl groups of 


t In o of 10 l its Rixcn illo\ m i 1> >»4 ostunc 
, x , suits ippcncd on the 17th IMh dn The 
,,ts sudde.ilx begin to gun weight . «pidh and 
i„ some uses Hit ibdommil tixitits cont uiud is 
much is 100 « of fluid The luers wen shnmkcn 

md h id i thickened cqisuk Furthei studies ne 

being mi ltd out 


enzvmes from inactivation bx alloxan 

3 Reactivation of sulfhydryl groups of 
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enzv mes inactiv ated by alloxan 

Alloxan can react directly with cysteine 
to form dialuric acid 10 17 vv hich is probably 
not diabetogenic 17 17 Bruckman and Werth- 
eimer 15 reported that a “super-saturated” solu- 
tion of dialuric acid injected intravenously 
into rats did produce diabetes, but, since 
dialuric acid is rapidly converted to alloxan 
on standing in air, 17 their results might be 
due to alloxan contamination 

Ascorbic acid is also reported as capable 
of reducing alloxan to dialuric acid 19 If 
the mechanism of sulfhvdryl protection were 
simply reduction of alloxan to a nondia- 
betogenic compound dialuric acid, one would 
also expect ascorbic acid to protect against 
alloxan diabetes Ascorbic acid does not pro- 
tect against alloxan diabetes, but rather ap- 
pears to intensify the severity of the diabetes 
for the 4S-hour blood sugars are considerably 
higher in the animals given ascorbic acid plus 
alloxan than are those of the rats given 
alloxan alone (610 mg per 100 cc compared 
with 397 mg per 100 cc) However, inter- 
actions of ascorbic acid and alloxan within 
the body' may not occur as readily as they 
do in vitro Since alloxan exerts its dia- 
betogenic effect within the first few minutes 
of injection, 9 - 0 the relative rates of mter- 
reaction of alloxan with cy steine or w'lth 
ascorbic acid might influence their protective 
abilities 

If the administered sulfhvdryl groups were 
able to reactivate the enzymes inactivated 
by alloxan, then giving the sulfhvdryl com- 
pound after the administration of alloxan 
also should protect against diabetes Leech 
and Bailey 9 have shown that alloxan dis- 
appears from the blood within 2 minutes 
following its intravenous injection Gomori 
and Goldner'-' 0 found that when the vessels 

10 LitiCi R , *iii(I Freisburger II Jrc/i f exp 
Poth u PI, arm , 1930, 15G, 221 . 

1 Goldner XI G, and Gomori, G, Endocnnolo 
OU, 1944, 35 241 

ls Briiikm in, G, and Wirtliinnir L, An/iix, 
1945, 155 2G7 

19 Huben T A , and Tijison R s Semite 1945, 
101, 530 

-° Gonion G and Goldner M G Proi '-oc 
L\ p Bio! VXD Mfd 1947, 58 232 


to the pancreas were clamped before and for 
5 minutes after the injection of alloxan then 
the beta cells in the clamped portion of the 
pancreas did not undergo necrosis This fact 
indicates that the alloxan had disappeared 
from the blood during the period of clamping 
However m the present experiments the ad- 
ministration of cysteine one minute after al- 
loxan produced onlv partial protection, 
whereas when it was given after 3 minutes 
following the alloxan, no significant protec- 
tion resulted Therefore, if alloxan does in- 
activate the SH groups of enzymes, the ad- 
ministered glutathione or cysteine did not 
reactivate them after 3 minutes had elapsed 
In this connection it is interesting that suc- 
cinic dehy'drogenase which has been inac- 
tivated by alloxan can be only' partially re- 
activated by glutathione 5 The action of 
glutatmone and cysteine therefore, may con- 
sist of a protection of the sulfhy'dryl groups 
of the islet cells from inactivation as a con- 
sequence of the administration of large 
amounts of exogenous sulfhydryd compounds 
Although this protection may simply be due 
to direct inactivation of alloxan by the ad- 
ministered SH groups, a more complex mech- 
anism may also be involved 

The mechanism by which alloxan produces 
selective degeneration of the beta cells is not 
understood Although other cells (kidney', 
liver, and occasionally', adrenal) may, at 
times show degeneration following alloxan 
administration, the beta cells of the islets are 
by' far the most sensitive to alloxan Since 
the beta cells are highly' specialized cells for 
their mam function apparently' consists of 
the synthesis and secretion of insulin their 
enzvme sv stems are probably' also highly' 
specialized In contrast, the liver and kidney' 
cells which do manv things may have a num- 
ber of alternate enzyme pathways If the 
enzyme systems of the highly specialized 
beta cells require active sulfhvdryl groups, 
whereas the less specialized cells of the body 
possessed alternate nonsulfhv dryl pathwavs, 
the apparent selectivity' of alloxan for the 
beta cells might be explained However 
this hypothesis could not easily explain the 
occasional occurrence of necrosis m the kid- 
ney or liver after the administration of 
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TABLE II 

Protection Against Alloxan Diilntcx C\ stcine 7 3 mAI/hg Given Intr.ncnoush Lithci Before oi Vfter 
Allox m 40 mg/kg T A' 


Blood sugais 





% di ibetic 

" 48 hr 

48 In 

72 In 

48 hr ’ 

Subat nice 

Time inkn il 

No 

r 

" A 

scveie 

mild 

mild 

non 

given first 

mm 

mum ils 

Stv ere 

Mild 

di ibctic 

di ibetic 

diabetic 

diabetic 

Calcine 

i _> 

13 

0 

0 

— 

— 

— 

130 

AIIov in 

13 

3 

SO 

0 

471 

— 

— 

91 

t i 

{> 

0 

SI 

0 

303 

— 

— 

112 

* > 

3 

3 

60 

33 

454 

173 

300 

— 

1 1 

I 

10 

10 

60 

300 

33i 

2U 

140 


only some of the animals it ere protected 
Thioglycolic acid in doses of 7 5 mM/kg was 
the only other agent tested which had any 
protective effect Alanine, sodium chloride, 
phosphate buffer or ascorbic acid did not 
modify the course of alloxan diabetes 
Reference to Table II shows that when the 
alloxan was given prior to the sulfhydryl com- 
pound some protection against diabetes re- 
sulted if the time interval between the al- 
loxan and the cvsteine injections was small 
If the interval was one minute, only one 
of 10 animals developed severe diabetes and 
5 showed mild diabetes Cytologicallv , 
however, all of these animals showed some 
evidence of pancreatic damage, although m 
9 out of the 10 rats this consisted only of 
degranulalion or necrosis of some of the beta 
cells in the islets However, if the time in- 
terval between alloxan and cysteine was 3 
minutes or longer, there was no significant 
protection against diabetes 

All of the cysteine-protected animals in 
this group were killed at the end of 48 or 
72 hours for histological examination so that 
follow-up studies were not made However, 
some of the rats reported m the preliminary 
note s were followed for several months These 
had received 7 5 mM/hg of cysteine intra- 
venously immediately preceding 2 00 mgAg 
of alloxan mtraperitoneally None ever did 
develop diabetes * 
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Discussion At pH 7 4 in vitro alloxan is 
rapidly converted to a non-diabetogemc com- 
pound, alloxanic acid 14 The fact that large 
doses of phosphate buffer (pH 7 4) injected 
intravenously' just prior to the injection of 
alloxan did not protect animals against dia- 
betes indicated that the cysteine effect is 
not due to any contained buffer The fact 
that alanine did not protect against alloxan 
diabetes, whereas cysteine did, indicates that 
the protection is not due to a direct inter- 
action between alloxan and amino acids— 
a reaction which is known to occur in the 
test tube n Since thioglycolic acid also pro- 
tected against diabetes, the SH group ap- 
pears to be responsible for the protective 
action of cysteine and glutathione 

Since the liver controls the addition of 
sugar to the blood, it was possible that nor- 
mal blood sugars could have occurred m the 
pi esence of extensive necrosis of the islets, 
if the livers were also extensively damaged 
However, this was not the case for histological 
examination of the pancreas showed that the 
beta cells were normal when adequate doses 
of sulfhydryl compounds were given before 


alloxan 1 * 

In explaining the protective effect of 
sulfhvdrvl groups one should consider the 
following possibilities 

1 Direct inactivation of alloxan bv the 
SH group of glutathione or cysteine 

2 Protection of the sulfhydryl groups of 
enzymes from inactivation by alloxan 

3 Reactivation of sulfhydryl groups of 
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were studied by special granule stains, 
Gomorr'" reported a decrease in the relative 
number of beta cells 

3 Human beings do react to alloxan Al- 
though it was first reported th.it man does 
not respond to alloxan, UrunKihwig and 
Alien*'* have since reported that large doses 
of alloxan do produce an effect 

4 Since alloxan occurs in c om( plants in 
its half-reduced form, alloxantin, 51 it might 
be ingested in the diet 1 his possibility be- 
(omes significant in the light of a report 
by Ruben and Vardumian 5 * that oral ad- 
ministration of alloxan causes diabetes 

5 The amount of alloxan actually neces- 
sary to produce diabetes is not large I* or 
example, in the rat a small do'-e of 40 mg/kg 
produced diabetes consistently and 20 mg 
produced diabetes at times Since the weight 
of the pancreas is less than V/o of the body 
weight, and since the beta cells constitute 
but a small fraction of the weight of the 
pancreas, the actual amount of alloxan neces- 
sary to destroy most of the beta cells in the 
rat is probably much less than 10 y 

Glutathione, normally present m the blood 
and tissues, may *erve to protect the body 

Oomori, 0, Am I J'ath , mi, 17, 397 

U iajijmmmi, L O, Jl/r, 1890, 20, 9017, Hit 
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I , .mil Toliumn, T 1J , / Am Clirm hot , 1932, 
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from any alloxan winch might appear 
metabohcally or m the diet However, crit- 
ical amounts of alloxan sufficient to injure 
the beta cells might conceivably appear noth- 
in the human body under a number of cir- 
cumstances, 

a A metabolic defect resulting tn exces- 
*•170 accumulation of alloxan in the body 

b Decrease in glutathione concentration tn 
the body resulting in a decrease in the nor- 
mal protective mechanism against alloxan 

c A specific metabolic defect of glu- 
tathione occurring only within the beta cells 
of the islets 

From the evidence at hand it would be de- 
sirable to "-ludy the relation of alloxan and 
glutathione metabolism to the etiology of 
human diabetes 

Nummary 1 'J he intravenous injection of 
large doses of glutathione or cysteine, com- 
pounds which normally occur in the body, 
one to 2 minutes prior to the injection of a 
diabetogenic dose of alloxan completely pro- 
tected rats from diabetes 

2 Other ammo acids, phosphate buffer, and 
am orbic acid did not exert such a protective 
effect 

3 When the sulfhydryl compounds were 
given one minute after the alloxan injection, 
partial protection occurred, whereas, when 
3 or more minutes had elapsed, there was 
no protection 

4 The mechanism and significance of this 
protection are discussed 
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alloxan 

Following the injection of alloxan into ani- 
mals there is a rapid decrease in the 
glutathione content of the body DeCaro 
and Rovida- 1 reported that within 10 min- 
utes following the injection of alloxan into 
rats (200 mg/hg i p ) the glutathione con- 
tent of the liver fell to 17% while that of 
the intestine fell to 42% of their normal 
values Leech and Bailey 9 reported that fol- 
lowing the injection of alloxan into rabbits 
(200 mg/hg i v ) the blood glutathione 
dropped rapidly m some cases to almost zero 
Within 5 minutes after the injection the blood 
glutathione values began to rise and returned 
to normal by 18 to 24 hours 
Because injected alloxan causes a decrease 
in the glutathione content of the tissues, and 
because glutathione protected against alloxan 
damage, it is possible that the amount of 
glutathione present within the cell may de- 
termine its resistance to alloxan If the beta 
cells of the islets of Langerhans contained 
less glutathione than other cells of the body, 
their greater susceptibility to alloxan might 
thus be explained 

Various species have been reported to have 
different susceptibilities to alloxan Hooded 
rats, for example, are more resistant to alloxan 
than are albino rats -- Whereas a rat be- 
comes diabetic after a dose of 40 mgAg i v , 
human beings can tolerate much larger doses 
without showing any effect 23 -’ 4 However, 
a single dose of alloxan (600 mgAg iv) 
did produce an effect on the blood sugar and 
islets of humans 21 Variations in species 
susceptibility to alloxan might also be ex- 
plained, in part at least, by differences m 
the amount of glutathione or evsteme they 
contain 

The question of whether alloxan may be 

21 Dc Caro, L and Emidn, E, Boll Soc Ital 
Biol Spcr , 1937, 12, Gil 

2-Pua, G L, and Starr, H, Proc Soc Exp 
Biol and Mro , 1944, 37, 280 

20 Brunsclmig, A, Goldner, XI G, Allan, J G, 
and Gomori, G , 7 Am Tiled Assn , 1943, 122, 96G 
21 Brunsclnwg, A, Allen, J G, Onens, F it , 
and Thornton TP , J Am Med Assn, 1944, 
124 212, Brunselnug, A, and Allen, J G, 
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involved in human diabetes is an interesting 
one 

1 Theoretically , at least, alloxan could 
be formed from uric acid, a normal metabolite 
Under certain conditions an enzyme present 
in dog liver can convert uric acid into dialuric 
acid Dialuric acid is rapidly oxidized to 
alloxan by air This latter reaction, how- 
ever, may not occur as readily within the 
body, for the oxidation of dialuric acid to 
alloxan is inhibited by protein 20 Studies 
of the possible formation of alloxan from uric 
acid within the human body need to be 
undertaken 

2 The changes seen in the pancreas of 
rats which have been given alloxan and have 
been diabetic for many months are not great- 
ly different from those seen in human dia- 
betes Although some investigators have 
stated that the cytological changes of the 
pancreas m alloxan diabetes are quite differ- 
ent from those occurring m human diabetes, 
they have usually compared the lesions seen 
in human diabetics with those occurring in 
the acute stages following alloxan administra- 
tion-'' The islets of diabetic rats 5 to 7 
months after the injection of alloxan appeared 
essentially normal when examined with the 
usual histological stains (hematoxylin and 
eosin) However, when they were examined 
by special granule stains, they showed a 
marked decrease in the number of beta cells 
present JS Similarly, the islets of human 
diabetics often appear normal when examined 
by the ordinary histological methods It is 
doubtful whether the hyahmzation seen m 
some cases of human diabetes is significant 
for it is not always present and may even 
be present in the absence of diabetes 29 How- 
ever, in 3 of 5 human diabetics whose islets 
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were studied by special granule stains, 
Gomon 30 reported a decrease in the relative 
number of beta cells 

3 Human beings do react to alloxan Al- 
though it was first reported that man does 
not respond to alloxan, Brunschwig and 
Vilen 24 have since reported that large doses 
of alloxan do produce an effect 

4 Since alloxan occurs m some plants m 
its half-reduced form, alloxantin, Jt it might 
be ingested m the diet This possibility be- 
comes significant m the light of a report 
by Ruben and Yardumian 32 that oral ad- 
ministration of alloxan causes diabetes 

5 The amount of alloxan actually neces- 
sary to produce diabetes is not large For 
example, in the rat a small dose of 40 mg/kg 
produced diabetes consistently and 20 mg 
produced diabetes at times Since the weight 
of the pancreas is less than 1% of the body 
weight, and since the beta cells constitute 
but a small fraction of the weight of the 
pancreas, the actual amount of alloxan neces- 
sary to destroy most of the beta cells in the 
rat is probably much less than 10 y 

Glutathione, normally present m the blood 
and tissues, may serve to protect the body 

20 Gomon, G, Am J Path, 1941, 17, 395 

3 i Lippmann, E 0, Per, 189G, 29, 2645, Bit 
tli tusen, H., Bex, 1896, 29, 894, 2106, Fisher, H 
4, ind Johnson, T B, J Am Chem Soc, 1932, 
54, 2038 

3 - Rnben, J A , ind Yardumian, K , Am J 
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from any alloxan which might appear 
metabolically or in the diet However, crit- 
ical amounts of alloxan sufficient to injure 
the beta cells might conceivably appear with- 
in the human body under a number of cir- 
cumstances 

a A metabolic defect resulting m exces- 
sive accumulation of alloxan m the body 

b Decrease in glutathione concentration in 
the body resulting m a decrease in the nor- 
mal protective mechanism against alloxan 

c A specific metabolic defect of glu- 
tathione occurring only within the beta cells 
of the islets 

From the evidence at hand it would be de- 
sirable to study the relation of alloxan and 
glutathione metabolism to the etiology of 
human diabetes 

Summary 1 The intravenous injection of 
large doses of glutathione or cysteine, com- 
pounds which normally occur in the body, 
one to 2 minutes prior to the injection of a 
diabetogenic dose of alloxan completely pro- 
tected rats from diabetes 

2 Other ammo acids, phosphate buffer, and 
ascorbic acid did not exert such a protective 
effect 

3 When the sulfhydryl compounds were 
given one minute after the alloxan injection, 
partial protection occurred, whereas, when 
3 or more minutes had elapsed, there was 
no protection 

4 The mechanism and significance of this 
protection are discussed 
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Following the injection of alloxan into ani- 
mals, there is a rapid decrease in the 
glutathione content of the body DeCaro 
and Rovida-’ 1 reported that within 10 min- 
utes following the injection of alloxan into 
rats (200 mg/kg i p ) the glutathione con- 
tent of the liver fell to 17% while that of 
the intestine fell to 42% of their normal 
values Leech and Bailey 0 reported that fol- 
lowing the injection of alloxan into rabbits 
(200 mg/kg iv) the blood glutathione 
dropped rapidly in some cases to almost zero 
W ithm 5 minutes after the injection the blood 
glutathione values began to rise and returned 
to normal by 18 to 24 hours 

Because injected alloxan causes a decrease 
in the glutathione content of the tissues, and 
because glutathione protected against alloxan 
damage, it is possible that the amount of 
glutathione present within the cell may de- 
termine its resistance to alloxan If the beta 
cells of the islets of Langerhans contained 
less glutathione than other cells of the body, 
their greater susceptibility to alloxan might 
thus be explained 

Various species have been reported to have 
different susceptibilities to alloxan Hooded 
rats, for example, are more resistant to alloxan 
than are albino rats — Vi hereas a rat be- 
comes diabetic after a dose of 40 mgAg i v , 
human beings can tolerate much larger doses 
without showing any effect 2324 However, 
a single dose of alloxan (600 mgAg i v ) 
did produce an effect on the blood sugar and 
islets of humans 24 Variations in species 
susceptibility to alloxan might also be ex- 
plained, in part at least, by differences in 
the amount of glutathione or cysteine they 
contain 

The question of whether alloxan may be 
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involved in human diabetes is an interesting 
one 

1 Theoretically, at least, alloxan could 
be formed from uric acid, a normal metabolite 
Under certain conditions an enzvme present 
in dog liver can convert uric acid into dialuric 
acid 2 ' Dialuric acid is rapidlj oxidized to 
alloxan by air This latter reaction, how- 
ever, may not occur as readily within the 
bodj, for the oxidation of dialuric acid to 
alloxan is inhibited by protein 20 Studies 
of the possible formation of alloxan from uric 
acid xvithin the human body need to be 
undertaken 

2 The changes seen in the pancreas of 
rats which have been given alloxan and have 
been diabetic for many months are not great- 
ly different from those seen m human dia- 
betes Although some investigators have 
stated that the cytological changes of the 
pancreas m alloxan diabetes are quite differ- 
ent from those occurring in human diabetes, 
they have usually compared the lesions seen 
in human diabetics with those occurring in 
the acute stages following alloxan administra- 
tion The islets of diabetic rats 5 to 7 
months after the injection of alloxan appeared 
essentially normal when examined with the 
usual histological stams (hematoxylin and 
eostn) However, when they were examined 
by special granule stains, they showed a 
marked decrease in the number of beta cells 
present - 51 Similarly, the islets of human 
diabetics often appear normal when examined 
by the ordinary histological methods It is 
doubtful whether the hyahnization seen in 
some cases of human diabetes is significant 
for it is not always present and may even 
be present in the absence of diabetes 20 How- 
ever, in 3 of 5 human diabetics whose islets 
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